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ABSTRACT

An experimental investigation of natural convection immersion cooling of an

array (3 by 3 horizontally-placed heated discrete protrusions) in an enclosure filled

with dielectric fluids has been conducted. Each rectangular protrusion simulates

a 20 pin dual-inline-package.

Effects of enclosure width and fluid Prandtl number were examined. Five

different spacings from 42 mm to 7 mm and two dielectric fluids, FC-75 (Pr=25 at

27C) and FC-43 (Pr=82 at 270C) were used. The top boundary of the enclosure

was kept constant at 100C and the bottom boundary was insulated during the

experiments.

Power dissipation levels per component ranged from 0.115 W to 2.9 W.

Component surface temperature measurements were used to obtain the

nondimensional heat transfer parameters. In the case of FC-75 and 30 and 7 mm

spacings, and in the case of FC-43 and 7 mm spacing, timewise fluctuations of

temperature at steady state in several locations were recorded with increasing

power level.

L la I a L;

iiL . t .'4,,;--

_



TABLE OF CONTENTS

INTRO DUCTIO N .................................... 1
A. STATEMENT OF PROBLEM ........................ 1

B. NUMERICAL AND EXPERIMENTAL STUDIES OF
NATURAL CONVECTION IMMERSION COOLING ........ 1

C . O BJECTIVES ................................... 5
EXPERIMENTAL APPARATUS .......................... 6

A. GENERAL CONSIDERATIONS ...................... 6
B. DESCRIPTION OF THE HARDWARE AND DESIGNING

THE CIRCUIT BOARD ............................. 9

III. EXPERIMENTAL PROCEDURE ......................... 14
A. HARDWARE PREPARATION ........................ 14
B. DATA ACQUISITION .............................. 14
C. DATA ANALYSIS ................................ 16

1. Calculation of the Average Wetted Surface
Temperature of Component ....................... 16

2. Calculation of the Power Dissipated by Heater ........ 17
3. Calculation of the Conduction Loss Through

the Circuit Board .............................. 17
4. Calculation of the Heat Transfer Coefficient .......... 18
5. Calculation of the Thermophysical Properties

of the Dielectrics .............................. 19
a. Thermal Conductivity k(W/mK) ................ 19
b. Density p(kg/m 3) .......................... 19

c. Specific Heat Cp (J/kg K) .................... 19
d. Kinematic viscosity v(m 2/s) .... .............. 19

e. Thermal Expansion Coefficient P (K1 ) ........... 20
f. Thermal Diffusivity a (m2/s) .................. 20

6. Calculation of the Nusselt Numbers ................ 20

iv



a. Nusselt Number Based on the Height of the
Com ponent .............................. 20

b. Nusselt Number Based on the Ratio
(Area/Permeter) of the Component .......... 21

7. Calculation of the Grashof Number ................ 21
8. Calculation of the Prandtl Number ................. 21
9. Calculation of the Rayleigh Numbers ............... 21

a. Temperature Based Rayleigh Number ........... 21
b. Flux Based Rayleigh Number ................. 22

IV. RESULTS AND DISCUSSION ........................... 23
A. HEAT TRANSFER MEASUREMENTS ................. 23

1. Results for FC-75 ............................. 24
2. Comparison with Earlier Data .................... 33
3. Results for FC-43 ............................. 35
4. Correlations of the Non-dimensional Data ............ 44
5. Formulation of Effect of Spacing .................. 44

a. Single Correlation for FC-75 .................. 57
b. Single Correlation for FC-43 .................. 57

B. TEMPERATURE FLUCTUATIONS IN STEADY STATE ..... 59

1. General Observations .......................... 59
2. Surface Temperature Fluctuations for FC-75 ......... 60
3. Surface Temperature Fluctuations for FC-43 ......... 60

V. RECOMMENDATIONS ................................ 71
APPENDIX A. SAMPLE CALCULATIONS ........................ 72
APPENDIX B. UNCERTAINTY ANALYSIS ........................ 79
APPENDIX C. TABLES ...................................... 89
LIST OF REFERENCES .................................... 158
INITIAL DISTRIBUTION LIST ................................ 160

V



LIST OF TABLES

TABLE 1. REDUCED DATA FOR FC-75 AND 42 MM SPACING ...... 89
TABLE 2. REDUCED DATA FOR FC-75 AND 42 MM SPACING ...... 90
TABLE 3. REDUCED DATA FOR FC-75 AND 42 MM SPACING ...... 91
TABLE 4. REDUCED DATA FOR FC-75 AND 42 MM SPACING ...... 92
TABLE 5. REDUCED DATA FOR FC-75 AND 42 MM SPACING ...... 93
TABLE 6. REDUCED DATA FOR FC-75 AND 42 MM SPACING ...... 94
TABLE 7. REDUCED DATA FOR FC-75 AND 42 MM SPACING ...... 95
TABLE 8. REDUCED DATA FOR FC-75 AND 30 MM SPACING ...... 96
TABLE 9. REDUCED DATA FOR FC-75 AND 30 MM SPACING ...... 97
TABLE 10. REDUCED DATA FOR FC-75 AND 30 MM SPACING ...... 98
TABLE 11. REDUCED DATA FOR FC-75 AND 30 MM SPACING ...... 99
TABLE 12. REDUCED DATA FOR FC-75 AND 30 MM SPACING ...... 100
TABLE 13. REDUCED DATA FOR FC-75 AND 30 MM SPACING ...... 101
TABLE 14. REDUCED DATA FOR FC-75 AND 30 MM SPACING ...... 102
TABLE 15. REDUCED DATA FOR FC-75 AND 30 MM SPACING ...... 103
TABLE 16. REDUCED DATA FOR FC-75 AND 18 MM SPACING ...... 104
TABLE 17. REDUCED DATA FOR FC-75 AND 18 MM SPACING ...... 105
TABLE 18. REDUCED DATA FOR FC-75 AND 18 MM SPACING ...... 106
TABLE 19. REDUCED DATA FOR FC-75 AND 18 MM SPACING ...... 107
TABLE 20. REDUCED DATA FOR FC-75 AND 18 MM SPACING ...... 108
TABLE 21. REDUCED DATA FOR FC-75 AND 18 MM SPACING ...... 109
TABLE 22. REDUCED DATA FOR FC-75 AND 11 MM SPACING ...... 110
TABLE 23. REDUCED DATA FOR FC-75 AND 11 MM SPACING ...... 111
TABLE 24. REDUCED DATA FOR FC-75 AND 11 MM SPACING ...... 112
TABLE 25. REDUCED DATA FOR FC-75 AND 11 MM SPACING ...... 113
TABLE 26. REDUCED DATA FOR FC-75 AND 11 MM SPACING ...... 114
TABLE 27. REDUCED DATA FOR FC-75 AND 11 MM SPACING ...... 115
TABLE 28. REDUCED DATA FOR FC-75 AND 11 MM SPACING ...... 116
TABLE 29. REDUCED DATA FOR FC-75 AND 7 MM SPACING ....... 117
TABLE 30. REDUCED DATA FOR FC-75 AND 7 MM SPACING ....... 118

vi



TABLE 31. REDUCED DATA FOR FC-75 AND 7 MM SPACING ....... 119
TABLE 32. REDUCED DATA FOR FC-75 AND 7 MM SPACING ....... 120
TABLE 33. REDUCED DATA FOR FC-75 AND 7 MM SPACING ....... 121
TABLE 34. REDUCED DATA FOR FC-75 AND 7 MM SPACING ....... 122
TABLE 35. REDUCED DATA FOR FC-75 AND 7 MM SPACING ....... 123
TABLE 36. REDUCED DATA FOR FC-43 AND 42 MM SPACING ...... 124
TABLE 37. REDUCED DATA FOR FC-43 AND 42 MM SPACING ...... 125
TABLE 38. REDUCED DATA FOR FC-43 AND 42 MM SPACING ...... 126
TABLE 39. REDUCED DATA FOR FC-43 AND 42 MM SPACING ...... 127
TABLE 40. REDUCED DATA FOR FC-43 AND 42 MM SPACING ...... 128
TABLE 41. REDUCED DATA FOR FC-43 AND 42 MM SPACING ...... 129
TABLE 42. REDUCED DATA FOR FC-43 AND 30 MM SPACING ...... 130
TABLE 43. REDUCED DATA FOR FC-43 AND 30 MM SPACING ...... 131
TABLE 44. REDUCED DATA FOR FC-43 AND 30 MM SPACING ...... 132
TABLE 45. REDUCED DATA FOR FC-43 AND 30 MM SPACING ...... 133
TABLE 46. REDUCED DATA FOR FC-43 AND 30 MM SPACING ...... 134
TABLE 47. REDUCED DATA FOR FC-43 AND 30 MM SPACING ...... 135
TABLE 48. REDUCED DATA FOR FC-43 AND 30 MM SPACING ...... 136
TABLE 49. REDUCED DATA FOR FC-43 AND 18 MM SPACING ...... 137
TABLE 50. REDUCED DATA FOR FC-43 AND 18 MM SPACING ...... 138
TABLE 51. REDUCED DATA FOR FC-43 AND 18 MM SPACING ...... 139
TABLE 52. REDUCED DATA FOR FC-43 AND 18 MM SPACING ...... 140
TABLE 53. REDUCED DATA FOR FC-43 AND 18 MM SPACING ...... 141
TABLE 54. REDUCED DATA FOR FC-43 AND 18 MM SPACING ...... 142
TABLE 55. REDUCED DATA FOR FC-43 AND 18 MM SPACING ...... 143
TABLE 56. REDUCED DATA FOR FC-43 AND 11 MM SPACING ...... 144
TABLE 57. REDUCED DATA FOR FC-43 AND 11 MM SPACING ...... 145
TABLE 58. REDUCED DATA FOR FC-43 AND 11 MM SPACING ...... 146
TABLE 59. REDUCED DATA FOR FC-43 AND 11 MM SPACING ...... 147
TABLE 60. REDUCED DATA FOR FC-43 AND 11 MM SPACING ...... 148
TABLE 61. REDUCED DATA FOR FC-43 AND 11 MM SPACING ...... 149
TABLE 62. REDUCED DATA FOR FC-43 AND 11 MM SPACING ...... 150
TABLE 63. REDUCED DATA FOR FC-43 AND 7 MM SPACING ....... 151
TABLE 64. REDUCED DATA FOR FC-43 AND 7 MM SPACING ....... 152

vii



TABLE 65. REDUCED DATA FOR FC-43 AND 7 MM SPACING ....... 153
TABLE 66. REDUCED DATA FOR FC-43 AND 7 MM SPACING ....... 154
TABLE 67. REDUCED DATA FOR FC-43 AND 7 MM SPACING ....... 155
TABLE 68. REDUCED DATA FOR FC-43 AND 7 MM SPACING ....... 156
TABLE 69. REDUCED DATA FOR FC-43 AND 7 MM SPACING ....... 157

viii



LIST OF FIGURES

Figure 2.1. Top View of the Chamber and Circuit Board .......... 7
Figure 2.2. Simulated Circuit Board with Horizontally

Placed Components ........................... 8
Figure 2.3. Aluminum Block and Thermocouple

Location ..................................... 11
Figure 3.1. Schematic of Entire Assembly ................... 15
Figure 4.1. Plot of Nul vs. Raj for FC-75 and 42 mm

S pacing ................................... 25
Figure 4.2. Plot of Nul vs. Ra, for FC-75 and 30 mm

S pacing ................................... 26
Figure 4.3. Plot of Nul vs. Ra, for FC-75 and 18 mm

S pacing ................................... 27
Figure 4.4. Plot of Nul vs. Raf for FC-75 and 11 mm

spacing ................................... 28
Figure 4.5. Plot of Nul vs. Ra for FC-75 and 7 mm

spacing .................................... 29
Figure 4.6. Plot of Array-averaged (Tavg - Tmnk) vs. Q., for

FC-75 and all Spacings ......................... 31
Figure 4.7. Plot of Array-averaged Nul vs. Ra for FC-75

and all Spacings .............................. 32
Figure 4.8. Plot of Array-averaged Nul vs. Raf From

Both This Study and Torres (1988) for FC-75
and 30 mm Spacing ........................... 34

Figure 4.9. Plot of Nul vs. Raj for FC-43 and 42 mm

S pacing .................................... 36
Figure 4.10. Plot of Nul vs. Ra, for FC-43 and 30 mm

S pacing .................................... 37
Figure 4.11. Plot of Nul vs. Raj for FC-43 and 18 mm

S pacing ................ .................... 38

ix



Figure 4.12. Plot of Nul vs. Ra for FC-43 and 11 mm

S pacing ......... ....... .................... 39
Figure 4.13. Plot of Nul vs. Raj for FC-43 and 7 mm

S oacing .............................. ..... 40
Figure 4.14. Plot of Array-averaged Nul vs. Ra, for FC-43

and All Spacings ............................. 42
Figure 4.15. Plot of Array-averaged (Tavg - Tsfnk) V Qne, for

FC-43 and All Spacings ........................ 43
Figure 4.16. Plot of Row/Array-averaged Nul vs. Ra, and

Curve Fit Equations for FC-75 and 42 mm

S pacin g .................................... 45
Figure 4.17. Plot of Row/Array-averaged Nul vs. Raj and

Curve Fit Equations for FC-75 and 30 mm

S pacin g .................................... 46
Figure 4.18. Plot of Row/Array-averaged Nul vs. Raj and

Curve Fit Equations for FC-75 and 18 mm

S pacin g .................................... 47
Figure 4.19. Plot of Row/Array-averaged Nul vs. Ra1 and

Curve Fit Equations for FC-75 and 11 mm

Spacing .................................... 48
Figure 4.20. Plot of Row/Array-averaged Nul vs. Raj and

Curve Fit Equations for FC-75 and 7 mm
Spacing .................................... 49

Figure 4.21. Plot of Row/Array-averaged Nul vs. Raj and

Curve Fit Equations for FC-43 and 42 mm

Spacing .................................... 50
Figure 4.22. Plot of Row/Array-averaged Nul vs. Raj and

Curve Fit Equations for FC-43 and 30 mm

S pacin g .................................... 51
Figure 4.23. Plot of Row/Array-averaged Nul vs. Raj and

Curve Fit Equations for FC-43 and 18 mm

S pacing .................................... 52

X



Figure 4.24. Plot of Row/Array-averaged Nul vs. Raj and

Curve Fit Equations for FC-43 and 11 mm

S pacing . . .. . . . . . . . . . .. . . . . .. . .. . . . .. . .. . .. . 53
Figure 4.25. Plot of Row/Array-averaged Nul vs. Ra and

Curve Fit Equations for FC-43 and 7 mm
S pacing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

Figure 4.26. Plot of Array-averaged N11l vs Ra1 and the

Curve Fit Equations for FC-75 and All

S pacings . . .. ..... ... . ...... .. .... .... ...... 55
Figure 4.27. Plot of Array-averaged Nul vs. Ra, and the

Curve Fit Equations for FC-43 and All

S pacings .. .. . .. ... ... ..... .... ... .......... 56
Figure 4.28. Plot of X* vs. a for C-75 ........................ 58
Figure 4.29. Plot of X* vs. a for FC-43 ....................... 58
Figure 4.30. Temperature Fluctuations for Thermocouple

No. 0 at Different Power Levels (FC-75 and
30 m m Spacing) .............................. 61

Figure 4.31. Temperature Fluctuations for Thermocouple
No. 12 at Different Power Levels (FC-75 and
30 m m Spacing) .............................. 62

Figure 4.32. Temperature Fluctuations for Thermocouple
No. 31 at Different Power Levels (FC-75 and
30 m m Spacing) .............................. 63

Figure 4.33. Temperature Fluctuations for Thermocouple
No. 0 at Different Power Levels (FC-75 and 7

m m Spacing) ................................ 64
Figure 4.34. Temperature Fluctuations for Thermocouple

No. 12 at Different Power Levels (FC-75 and
7 m m Spacing) ............................... 65

Figure 4.35. Temperature Fluctuations for Thermocouple
No. 31 at Different Power Levels (FC-75 and
7 m m Spacing) ............................... 66

xi



Figure 4.36. Temperature Fluctuations for Thermocouple
No. 0 at Different Power Levels (FC-43 and 7

mm Spacing) ............................... 67
Figure 4.37. Temperature Fluctuations for Thermocouple

No. 12 at Different Power Levels (FC-43 and
7 m m Spacing) ............................... 68

Figure 4.38. Temperature Fluctuations for Thermocouple

No. 31 at Different Power Levels (FC-43 and
7 m m Spacing) ............................... 69

Figure 4.39. Location of Thermocouples Scanned for
Measurements of Fluctuation ..................... 70

xii



NOMENCLATURE

SYMBOL DESCRIPTION UNITS

A Area m2

ArolaI Total wetted surface area m2

CP Specific heat J/kg 0C

emf Thermocouple voltage Volt

g Gravitational acceleration m/s 2

Gr, Flux-based Grashof Number Dimensionless
Grt  Temperature-based Grashof Number Dimensionless
h Heat transfer coefficient W/m2 0C

ki Fluid thermal conductivity W/m 0C

kP Plexiglass thermal conductivity W/m 0C
Li Component length in the vertical direction m
L2 Summation of the ratios of the component

fluid exposed areas to their perimeters m
Nul Nusselt number based on Li Dimensionless
Nu2 Nusselt number based on L2 Dimensionless

Pr Prandtl number Dimensionless
Power Power dissipated by the heaters Watts

Q1. Energy loss by conduction Watts

anet Net power dissipated by the heater Watts
RC  Total thermal resistance 0CiW
RP Resistance of the precision resistor Ohms
Raj Flux-based Rayleigh number Dimensionless
Ra, Temperature-based Rayleigh number Dimensionless
T Temperature 0C

Tavg Average of component temperature °C
Tb Back surface temperature 0C

Tf,, Film temperature 0C
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Tslk Average temperature of the top wall
of the chamber 00

U Uncertainty value Various

Volt Input voltage Volts

X" Nondimensional chamber width Dimensionless

w chamber width mm

a Thermal diffusivity m2/s

3 Thermal expansion coefficient °C1
p Density kg/i 3

v Kinematic viscosity m2/s
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I. INTRODUCTION

A. STATEMENT OF PROBLEM

The growing interest in high power dissipation from electronic packages with

the improvements in circuit packaging density brought the necessity for

enhancements in cooling technology.

A strong need to keep component at temperatures below 100°C exists since

for every 200C decrease in junction temperature, the chip failure rates are cut in

half (Oktay, 1986). Natural convection immersion cooling of these packages with

dielectric fluids has become important recently because of its enormous promise

for high heat dissipation capabilities, together with such added advantages as no

noise and high reliability (Liu, Kelleher, Yang, 1987). Natural convection is

important for immersion cooling because it governs the lower power devices. In

addition, an accurate prediction of natural convection is necessarry for establishing

the conditions under which two-phase heat transfer begins.

B. NUMERICAL AND EXPERIMENTAL STUDIES OF NATURAL

CONVECTION IMMERSION COOLING

Extensive research has been conducted on the immersion cooling of

electronic devices by means of natural convection. Much more basic data than



currently exists are needed as inputs to the design of such cooling systems for

optimum thermal performance (Liu, Kelleher, Yang, 1987).

Baker (Vols. 11, 12, 1973) found that natural convection liquid cooling of heat

sources (1.0 x 2.6 x 0.12 cm) was three times more effective than natural

convection air cooling of the same heat sources. Two different dielectric liquids,

Freon 113 (Pr=3.9) and Dow Corning #200 silicone oil (Pr=126) were used. The

analysis showed that:

" Convection heat transfer coefficient increases significantly as the heat source
size decreases.

" Heat transfer coefficient is proportional to the cube root of the reciprocal of
the viscosity.

" Decreasing the heat source surface area from 2.0 to 0.01 cm 2 increased the
free convection heat transfer coefficient an order of magnitude under the
same operation conditions.

Park and Bergles (1987) conducted experimental studies of natural

convection liquid cooling from both discrete flush heaters and protruding

rectangular heaters. Heat transfer coefficients (midpoint) were obtained with two

heater heights (5 mm and 10 mm) and varying width (2 mm - 70 mm). Water and

Freon 113 were used as working fluids. Data indicated that:

" Heat transfer coefficient increases with decreasing width, with the coefficient
for 2 mm wide heaters being 150% above that for 20 mm - 70 mm. This
effect was greater in Freon 113 than water.

" With in-line flush heaters, the heat transfer coefficients for the upper heaters
are lower than those for the bottom heater. With an array of protruding

2



heaters, heat transfer coefficients for the top heater are higher than those for
the bottom heater.

* The heat transfer coefficient for a single protruding heater is about 15%
higher than that for a flush surface.

" As the distance between the heaters increases, the heat transfer coefficients
for the upper heaters increase.

Chen et al. (1988) conducted an experiment on natural convection heat

transfer in a chamber with 10 protruding components from one vertical wall.

Distilled water and ethylene glycol were used. The top boundary of the chamber

was maintained at a constant temperature acting as a heat sink. Experimental

results showed that:

" Bottom heater had the highest heat transfer coefficient except at high
Rayleigh numbers.

" At high Rayleigh numbers the top heater had the highest heat transfer
coefficient.

Liu et al. (1987) developed a finite difference analysis of natural convection

from an array of 3 by 3 components immersed in FC-75. The top and bottom

boundaries of the chamber were assumed to be at uniform temperatures. Results

were presented for the chamber widths of 30 and 18 mm. They found that:

* Temperature field in the chamber is characterized by the flow around the
components.

" Lesser temperatures were found in the bottom row components, and
maximum temperatures on chip surfaces were found on the upper horizontal
faces.

3



" The results for the chamber widths of 30 and 18 mm were almost the same
indicating very little effect of chamber width.

" Local oscilatory surface temperatures of the components tended to fluctuate
within a range of almost ±30C with a period of 4 seconds.

Kelleher et al. (1987) investigated natural convection of a water-filled

enclosure with a long protruding heater from one vertical wall. They carried out

both flow visualization and heat transfer measurement for three different heater

locations. Flow visualizations indicated two dimensional dual-celled flow structures

in the chamber: Buoyancy-driven upper shell which accounts for a majority of the

heat transfer and shear-driven lower shell in which the fluid motion arises due to

viscous drag from the upper shell.

Joshi et al. (1988) investigated natural convection immersion cooling of a 3

by 3 array of heated protrusions in an enclosure filled with FC-75. They found that:

Flow structure was largely determined by the boundary conditions at low

power levels (0.1 W)

* Upon increasing the power levels (0.7 W to 3.0 W), an upward flow
developed adjacent to each column of components.

* With increasing thermal input, flow away from the components showed 3
dimensional and time dependent behavior.

4



C. OBJECTIVES

This experimental study is a continuation of the research conducted at the

Naval Postgraduate School by Pamuk (1987), Benedict (1988), Torres (1988) and

Powell (1989). The objectives of this thesis are:

" To design and build a new simulated circuit board using tack-welding method
for attaching the thermocouples on component surfaces.

a To analyze the data in terms of both dimensional and nondimensional heat
transfer parameters for different chamber widths and dielectric fluids.

* To correlate the data in terms of Nusselt number and Rayleigh number for
each case.

" To find single correlation for each dielectric fluid to account for the effects of
spacing.

5



II. EXPERIMENTAL APPARATUS

A. GENERAL CONSIDERATIONS

This experimental study is a continuation of past experiments conducted at

the Naval Postgraduate School. Effects of the chamber width (spacing) on heat

transfer characteristics of the components (3 by 3 array of horizontally placed

rectangular aluminum blocks) were examined. Two dielectric liquids were used:

FC-75 and FC-43. The top boundary of the chamber was kept at 1 0°C and the

bottom boundary was insulated.

The top view of the chamber assembly is provided in Figure 2.1 (after Torres,

1988). This was the same chamber used by Torres (1988) and Powell (1989) with

vertical component arrangement. The horizontal arrangement used in this study

was obtained by turning the vertically arranged components 900 around their back

surface area centers. A front and side view of the horizontally arranged simulated

circuit board is provided in Figure 2.2 (after Benedict, 1988).

The components and heaters are identical to the previous ones in order to

compare the results. A more detailed description of the chamber, components,

heaters and heat exchangers can be found in Benedict (1988), Torres (1988),

Powell (1989) and Pamuk (1987).

6
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B. DESCRIPTION OF THE HARDWARE AND DESIGNING THE CIRCUIT

BOARD

The chamber was made of 19.05 mm thick plexiglass with external

dimensions of 241.13 x 152.0 x 120.65 mm. Some minor modifications were done

on the chamber. The location of the steel tubings were changed in order to allow

the chamber to be filled with dielectric liquids at any chamber width. The bottom

heat exchanger was replaced by 12 mm thick plexiglass wall to have insulated

bottom boundary condition. The external walls of the top heat exchanger were

made of plexiglass. On 3 mm thick internal aluminum wall allowing almost

isothermal top boundary conditions to the chamber, six thermocouples were placed

symmetrically along the plate length and width. This modification was done to

enable calculation of the average temperature of the top boundary, no matter what

the spacing was.

The circuit board was fixed in the chamber allowing the maximum obtainable

spacing of 42 mm. Two 12 mm and two 6 mm thick plexiglass spacers (152 x

203.2 mm) were used to change spacing between the circuit board and front wall

of the chamber. Spacers were placed in the chamber by removing the bottom wall

of the chamber. The spacings of 42 mm, 30 mm, 18 mm and 11 mm are

obtainable by using these spacers.

The components were 24 x 8 x 6 mm aluminum blocks to simulate

approximately a 20-pin-dual-in-line-package. Aluminum blocks were provided a

nearly uniform heat flux by attaching foil heaters to the base. The approximate

9



resistance of the heaters was 10.3 ohms. These heaters were connected in series

with 2 Q ± 2.5% resistors to calculate the power dissipation on each heater. (See

data analysis.)

Temperatures on the component surfaces were measured using 3 mil

copper-constantan thermocouples. They were manufactured by using an arc

welder. During the manufacturing process, current and time setting were kept at

a minimum and the argon gas pressure was less than 5 psig. Due to the extremely

small diameter of the copper and constantan, and in order not to loose strength

between the bead and insulation, bare parts were kept as small as possible. Then,

the bare parts except for the bead were insulated by means of electrical varnish.

This process made it easier to handle the thermocouples during and after tack-

welding them to the aluminum blocks.

In order to reduce the unknown contact resistance between the block

surfaces and thermocouple beads, thermocouples were tack-welded to the wells

machined on the blocks. (See Figure 2.3 after Benedict, 1988.) A small table vise

was modified by replacing the steel jaws with copper. This prevented the blocks

from being deformed and introduced lesser electrical resistance to the conduction

path of the machine. During tack-welding process power rate was kept between

16-20 W/sec. Not more than two thermocouples were welded to the blocks, one

at a time, because of the very brittle property of the wires after welding even under

their own weight. The rest of the wells were filled with high thermal conductivity

epoxy (Omega bond 101). Besides filling up the grooves it made the block easier

10
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to handle. The same method as in measuring the front surface temperatures of the

blocks was used to read the back surface temperatures of the blocks.

The next step was bonding the heaters in the grooves of 0.5 mm depth

machined on the circuit board. This was done with adhesive epoxy (Omega bond

100), ensuring that the holes on the heater and plexiglass circuit board were

aligned and not blocked by bonding material. Inserting the thermocouple wires

attached to the blocks through the holes and making sure of proper alignment,

blocks were bonded onto the heaters by means of Omega bond 101. Filling up the

rest of the holes at the back of the circuit board completed the design of the new

circuit board.

All thermocouples were connected to a HP-3497 data acquisition system

controlled by a HP-9826 microcomputer. Power to the heaters was supplied by a

0-10 V and 0-5 A DC power supply. Channel 61 and channels 62 through 70 were

connected in parallel to the power supply output and heaters. This connection then

allowed measurement of the voltage drop across the precision resistors. The

numbering scheme on both data acquisition system and hardware was as follows:

Channels 0 to 53: Component surface temperatures starting from chip #1

with the order of center, top, right, left, bottom and back.

Channels 54 to 56: Heat exchanger temperatures.

12



Channels 57 to 60 and 71 to 75: Back circuit board temperatures which allow

calculation of the conduction loss.

Channel 76: Ambient temperature.

13



Ill. EXPERIMENTAL PROCEDURE

A. HARDWARE PREPARATION

Upon assembling the hardware (see Figure 3.1 after Benedict, 1988), each

channel on the HP-3497 data acquisition system were scanned to verify that all

nine components were equally powered and all thermocouples were operating

properly. Then, the following procedure was used for each chamber width:

1. Spacing of the chamber was adjusted by removing the bottom wall
of the chamber and sliding the required spacers into the chamber.

2. Constant temperature bath was energized to verify there was no
external and internal leakage.

3. Chamber was filled with dielectric liquid by ensuring no air bubbles
were left in it.

4. The desired power level was applied to the components by
adjusting the current dial on power supply.

5. As power level increased, the dial on constant temperature bath
was adjusted subsequently in order to keep the average top
boundary temperature at 100C.

B. DATA ACQUISITION

Data were recorded when steady state conditions were reached. It took

approximately 4-5 hours to reach the steady state depending upon the dielectric

and spacing. Since the magnitude of the fluctuations (from peak to valley) at

14
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steady state changed with the location of the component in the chamber and

spacing, steady state conditions were defined separately.

When a majority of the temperatures were fluctuating less than 0.40 C (for

dielectric FC-43) and less than 1.00 C (for dielectric FC-75) during 4-5 separate

runs with 5-10 minute intervals, steady state was assumed.

Raw emf readings were recorded and analyzed by the software programs

ACQUIRE, CALCDIEL, FASTSCAN and PLOT. These programs were the same

as used by Pamuk (1987), Benedict (1988), Torres (1988), and Powell (1989) with

some minor modifications to take care of the changing channel numbering scheme

and dielectric fluid.

C. DATA ANALYSIS

Data was analyzed in following fashion to get the non-dimensional heat

transfer parameters (Nul, Nu2, Ra, Rat) of the entire array at prescribed

conditions. These parameters are defined in nomenclature.

1. Calculation of the Average Wetted Surface Temperature of

Component.

Upon converting the thermocouple emfs to temperatures (0C) (See

sample calculations)

16



A, T,()
Tag= =1

Atoal

where,

A,, T - Area and temperature of the ith surface
Atotal Total wetted surface area of the component.

2. Calculation of the Power Dissipated by Heater

Power = emf( volt - emf) / Rp (2)

where,

volt Power supply voltage (Channel 61)
emf Voltage across the heaters (Channels 62 to 70)
RP =Resistance of precision resistors connected in series to the

heaters (2 Q ± 2.5%).

3. Calculation of the Conduction Loss Through the Circuit Board

Assuming 1-D conduction through the back surface area of the

components

9
E(ATn/Re) (3)

lIoss =
r,

9
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R, = t/kp A (4)

AT= T, - Tb (5)

where,

R - Conductive resistance of the plexiglass
T., -Component back surface temperatures
Tb = Back circuit board temperatures
t S Thickness of the circuit board (Length of the conduction path)
kP =Thermal conductivity of the plexiglass
A S Back surface area of the component.

4. Calculation of the Heat Transfer Coefficient

Average heat transfer coefficient around the wetted surface of the

component was defined as:

h = -,t (6)
At. ( TO- - TSfk)

Q,, = Power- Ql (7)

T,k = T(54) + T(55) + T(56) (8)

3

where,

Q , E Net power dissipated by the heater
T$In - Average temperature of the heat exchanger, i.e., top

boundary temperature of the chamber (Channels 54, 55, and 56 on hardware).

18



5. Calculation Of the Thermophysical Properties of the Dielectrics

Functional relationships between the thermophysical properties and the

film temperatures are listed below, where film temperature was defined as:

T'Iim TaVg + TS1k ) /2 (9)

a. Thermal Conductivity k(W/mK)

FC-75 [0.65 - 7.8947E -4 - T,,]/10 (10)

FC-43 [0.666 -9.864E -5-Tfam110 (11)

b. Density pfkg/nT')

FC-75 [ 1.825 -0.00246 *Tjiml 1000 (12)

FC-43 [1.913-0.00218*Tjm)*1000 (13)

c. Specific Heat C,, (J/kg K)

For all dielectrics

( 0.241111 +3.7037E -4 * Tfim]4180 (14)

d. Kinematic viscosity v(hf/s)

FC-75 [1.4074 -2.964E -2 *Turn + 3.8018E -4 * T'rn (15)
2.7308E .-6 * Tfim + 8.1679E -9 * Tf~a] *E

19



FC-43 [8.8750 - 0.47007* Tfdm + 1.387E - 2 * Tfjm (16)
-2.1469E -4 * T, + 1.3139E -6 * T nm] * E-6

e. Thermal Expansion Coefficient P ( 1 )

FC-75 [0.00246/(1.825-0.00246* Ti,,,)] (17)

FC-43 [0.00218/( 1.913 -0.00218 * T,)] (18)

f. Thermal Diffusivity a (rr/s)

a = k1 (p CP) (19)

6. Calculation of the Nusselt Numbers

a. Nusselt Number Based on the Height of the Component

Nul = h * L1 / k, (20)

where,

L1 Height of the components in the direction of the gravity
vector

k - Thermal conductivity of the dielectric fluid at film
temperature.

20



b. Nusselt Number Based on the Ratio (Area/Perimeter) of the

Component

Nu2= h * L2/ ki (21)

5

L2=Ej (A,/P,) (22)
i=l

where,

A,, P, Area and the perimeter of the ith surface of the
component.

7. Calculation of the Grashof Number

Grashof Number in this study was defined as,

Gr=(gPL 3 A T)/v2 (23)

where,

A T= =T,- T.,,k (24)

g a Gravitational acceleration

8. Calculation of the Prandtl Number

Pr = v/a (25)

9. Calculation of the Rayleigh Numbers

a. Temperature Based Rayleigh Number

Rat = Gr Pr (26)

21



b. Flux Based Rayleigh Number

Ra,=go L 4 Q0,t/ (kf v a Ata) (27)

The above procedure was repeated for each component.

22



IV. RESULTS AND DISCUSSION

A. HEAT TRANSFER MEASUREMENTS

Heat transfer measurements were done in the power level range of 0.115 W

to 2.9 W per component to examine the effect of chamber width (i.e., spacing) on

heat transfer parameters of the components. Two dielectric liquids, FC-75 and FC-

43, were used. Five different spacings from maximum obtainable with the available

chamber to minimum were applied to the chamber for each liquid. These spacings

were 42 mm, 30 mm, 18 mm, 11 mm and 7 mm. During the experiments top and

bottom boundary conditions were kept constant at 1 0°C and insulated respectively.

Component surface temperatures and nondimensional heat transfer

parameters were both tabulated and plotted. Array-averaged component

temperatures and nondimensional parameters (i.e., Nul and Raf) of the entire

array were also plotted for each fluid to present the effect of spacing in both

dimensional and nondimensional terms.

Due to the similar behavior of the components on the same row, correlation

formulas which relate the row-averaged and array-averaged Nul and Ra were

obtained in the form of Nul = a Rab, where a and b are constant.

In the case of FC-75 and spacings of 30 mm and 7 mm, and in the case of

FC-43 and spacing of 7 mm, surface temperature fluctuations of Channel 0 (i.e.,

Chip #1 front surface temperature), 12 (i.e., Chip #3 front surface temperature), 31

23



(i.e., Chip #6 top surface temperature) were recorded at steady state for a period

of 200 sec.

1. Results for FC-75

Surface temperature measurements and nondimensional form of the

data in terms of Ra, Ra,, Nul and Nu2 for each spacing are presented in Tables

1 through 35 in Appendix C.

For the graphical representation of the results, two sets of plots were

generated. The first set from Figure 4.1 to 4.5 represents the heat transfer

behavior of the components in nondimensional terms (i.e., Raj vs. Nul). The

second set represents the averaged behavior of the entire array in both

temperature (Figure 4.6) and nondimensional terms (Figure 4.7).

As is seen from the first set, the data reveal almost a single slope in the

range 107< Raf < 2 * 10#. The data obtained at the lowest power level tended to

deviate from this behavior. The maximum spread in magnitude of Rayleigh

numbers of the components at a power setting of 2.9 W and 7 mm spacing was

less than 7% of the highest Ra. The maximum deviation in Nusselt numbers (Nul)

of the components was met at Rayleigh number of 1.8 * 108 for the spacings of

42 mm and 30 mm. The magnitude of the maximum deviation from the array-

averaged Nul was ±1.45 (i.e., ±7%) which corresponds to 60C temperature

difference between the components having maximum and minimum average

temperatures. Deviation from the array averaged Nul was less than ±0.5 for other

spacings (i.e., 18 mm, 11 mm, 7 mm).

24
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Due to similar behaviors of the components in the array, array-averaged

plots in both nondimensional (Raf vs. Nul) and dimensional terms were generated.

These plots then allowed discussion of the effect of spacing on heat transfer

characteristics of the entire array.

Reviewing Figure 4.7, an interesting phenomena arises in the range

107< Raf < 2 * 108. In this Rayleigh Number range data points indicate almost a

constant slope regardless of spacing. The slopes of best fit lines obtained

excluding the data points at Rayleigh Number of 4.5 * 106 were between 0.296

and 0.340. This behavior then allowed the correlation of the effect of spacing (see

section 5).

Reviewing Figure 4.6, a decrease in spacing caused an increase in

component average temperatures throughout the array. Array-averaged

temperature increase reveal almost a single slope for each spacing, but it became

steeper as spacing decreases. The magnitude of temperature increase between

the chamber widths of 42 mm and 7 mm was almost 30C at 0.115 W power level.

It increased up to 1500 at 2.9 W power level. A possible explanation may be that,

at low power levels there is very little effect of decrease in spacing on weak

circulating flow, so boundary conditions of the chamber dominates the heat transfer

characteristics. At high power levels, decrease in spacing disturbs the strong flow

around the components and this affects the heat transfer characteristics. The

temperature difference between the surfaces of the each individual components

was not significant and it was less than 0.50C during the experiments. The
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components in the same row behaved similarly in both temperature and

nondimensional parameters except at the smaller spacings.

Mass flow rate of coolant through the effective width of the heat

exchanger was decreased subsequently with decreasing spacing. This caused

some increase between the coolant outlet and inlet temperature. As a result of

that, the components in the column closer to the outlet of the heat exchanger had

higher temperatures than the components in the same row but in the other two

columns.

For the chamber widths of 42 mm and 30 mm, the order of increasing

surface temperatures of the rows was bottom, middle, top. Up to power level of

2.25 W for 18 mm and 1.7 W for 11 and 7 mm, this trend did not change. After the

power levels described above, the middle row components had the highest

average temperatures and the bottom row components had the lower average

temperatures. In any case, the maximum temperature difference between the

components on different rows did not exceed 600.

2. Comparison with Earlier Data

Using dielectric fluid FC-75, setting the top and bottom boundaries to

100C and insulated respectively, data for 30 mm chamber width were presented

in Figure 4.2 as Ra, vs. Nul.

Averaged non-dimensional heat transfer parameters of the entire array

for various power levels both from this study and that of Torres (1988) were plotted

in Figure 4.8.
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Comparing the results with Torres' data obtained with the same

boundary conditions and chamber width but different spacing on component

arrangement and smaller chamber dimensions, good agreement was found at the

middle range power levels. At very high and very low power levels, Torres (1988)

obtained smaller Nusselt numbers. This may be due to effect of the differences in

the amount of the liquid in the two chambers.

3. Results for FC-43

Surface temperature measurements and Nusselt number versus

Rayleigh number form of the data for each spacing are presented in Tables 36

through 69 in Appendix C.

Two sets of plots as in the FC-75 case were produced to present the

data graphically.

The first observation as a result of high fluid Prandtl number was an

increase in average component surface temperatures and decrease in Rayleigh

numbers of the components.

Reviewing Figures 4.9 to 4.13, the data indicate almost a single slope

except the one obtained at 0.115 W power level. This was the general trend of

data which was experienced in the case of FC-75 and also in previous studies.

The maximum spread in magnitude of Rayleigh numbers was almost

12% of the highest Raf after the power level of 1.3 W for spacings of 11 and 7

mm. Maximum spread in magnitude of Nul met at 2.9 W power level for 7 mm

spacing was 1.51. The deviation from the array averaged Nul was ±7% which
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corresponds to 80C temperature difference between the components having

maximum and minimum average temperatures.

As is seen in Figure 4.13, for the spacing of 7 mm, Chips #2 and 7 tend

to deviate from other data points. As was mentioned before, a possible reason for

that is, almost 2.50C temperature difference between the ends (correspond to inlet

and outlet of the heat exchanger) of the top boundary. Some change in design of

the heat exchanger which allows an increase in the mass flow rate of the coolant

would result obtaining better data for this spacing.

Reviewing Figure 4.14, the same behavior of data points as in FC-75

was observed. In the range 3 * 106 < Raf < 5 * 107 data points reveal almost a

constant slope regardless of spacing. The slopes of best fit lines were between

0.293 and 0.308.

As is seen from Figure 4.15, decreasing spacing caused an increase in

component surface temperatures throughout the array. The magnitude of the

temperature increase between the chambe: widths of 42 mm and 7 mm was

almost 30C at 0.115 W power level and 130C at 2.9 W power level.

For the spacings of 42 and 30 mm, the temperature difference between

the components having maximum and minimum surface temperatures in the array

was less than 1.50C. For 18 mm spacing, the component surface temperatures

were almost equal regardless of power level. For the spacings of 11 mm and 7

mm, the bottom row had the lowest temperatures. The middle and top row
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behaved similarly at 11 mm spacing but an increase in middle row temperatures

over the top row was observed at 7 mm spacing.

4. Correlations of the Non-dimensional Data

Due to the similar behavior of the components in the same row, plots of

row-averaged and entire array-averaged Nul vs. Raf were produced for each

spacing and fluid. Using a computer software program "TABLECURVE," the best

fit correlation formulas were obtained for each case in the form of Nul = a Ra/'

where a and b are constant. Both the nondimensional row-averaged and array-

averaged data and correlation formulas were plotted in Figures 4.16 through 4.20

for FC-75, and Figures 4.21 through 4.25 for FC-43.

5. Formulation of Effect of Spacing

To formulate the effect of spacing on nondimensional parameters (i.e.,

Ra and Nul), constant slope behavior of the data in the range

107< Raf < 2* 10* for FC-75 and 3 * 106< lRa < 5 * 107for FC-43 were used.

Only array-averaged nondimensional parameters were considered in this study.

Since the slope was independent of the chamber width and fluid Prandtl

number which was covered in this study, best fit equations were modified to the

equations in the form of Nul = a Raf3  to give minimum deviation from original

best fit equations.

The data points and modified best fit equations for each fluid were

presented in Figures 4.26 and 4.27.
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Introducing nondimensional spacing x*

x=w (28)

where,

w Chamber width

H E Height of the component

The functional relationship between the correlation constant (a) and

nondimensional spacing (X*) in the form of a = c (X*) where c and m are constant

was determined for each fluid. These are presented in Figures 4.28 and 4.29.

a. Single Correlation for FC-75

A general form of correlation equation was obtained as

Nul = 0.04561 (x*) 23 1 9 Rafo-

1.3* 107< Ra, < 2 * 10 (29)

21.8 < Pr < 31.8

Using the above equation correlates the data with less than 8% (for

42 mm and 7 mm spacings) and less than 1.7% (for other spacings) deviation from

the original best fit equations.

b. Single Correlation for FC-43

A general form of correlation equation was obtained as

Nul = 0.05142 (x*) 1 91 Ra° "2

3 * 106 < Ra < 5 * 107 (30)

57.4 < Pr < 131
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Using the above equation, correlates the data with less than 2.5%

(for 30 mm and 18 mm) and less than 1% (for other spacings) deviation from the

original best fit equations.

B. TEMPERATURE FLUCTUATIONS IN STEADY STATE

Temperature fluctuations in steady state were measured and plotted for the

spacings of 30 mm (for FC-75 only) and 7 mm in the power range of 0.115 W to

2.9 W per component. Three channels were scanned at a rate of approximately

3 times per second for a period of 200 seconds. The location of the thermocouples

which are Chip #1 front surface (Channel 0), Chip #3 front surface (Channel 12)

and Chip #6 top surface (Channel 31) were the same as previous experiments to

compare the results. See Figure 4.39 for the location of the scanned

thermocouples.

1. General Observations

Temperature fluctuations at low power levels were not significant

regardless of dielectric liquid and spacing. Almost no fluctuation was observed at

the bottom row at any power level and spacing. Increase in fluctuation magnitude

was observed as the spacing decreases and location of the heater approaches to

top heat exchanger. Dielectric fluid Prandtl number also effected the fluctuation

magnitude. For 7 mm spacing in case of FC-75 maximum fluctuation magnitude

was almost 10C, in case of FC-43 it was less than 0.4 0C.

59



2. Surface Temperature Fluctuations for FC-75

Plots of temperature fluctuations are presented in Figures 4.30 through

4.32 for 30 mm spacing and Figures 4.33 through 4.35 for 7 mm spacing. At low

power levels (0.115 W and 0.34 W) almost no fluctuations were observed in any

of the channels. Reducing chamber width from 30 mm to 7 mm didn't effect the

temperature fluctuations significantly in the bottom row. The fluctuation amplitude

was less than 0.20C. Almost three order of magnitude increase was observed in

the top row due to the effect of reducing spacing from 30 mm to 7 mm. It

increased from 0.350C to 10C in both channels 12 and 31. Benedict (1988)

reported the maximum fluctuation amplitude for the same arrangement and 30 mm

spacing but with different boundary conditions (i.e., 1000 to 100C) as 0.850C.

Torres (1988) reported it for vertical arrangement and 30 mm spacing as 1.70C

and for 9 mm spacing as 20C. Reducing chamber width didn't cause significant

effect on temperature fluctuations.

3. Surface Temperature Fluctuations for FC-43

Surface temperature fluctuations were measured for the chamber width

of 7 mm and presented in Figures 4.36 through 4.38. Fluctuation magnitude in any

of the channels was not significant. It was less than 0.20C in channel 0 and less

than 0.4°C in channel 12 and 31 at any power level.

Decrease in fluctuation magnitude from FC-75 to 43 may be due to the

effect of fluid Prandtl number, since in the case of FC-75 and 7 mm spacing

Rayleigh number was almost 1.8 * 108, in the case of FC-43 it was 5 * 107 .
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V. RECOMMENDATIONS

1. Continuation of this experiment using dielectric liquids other than used in

this study to investigate the effects of fluid Prandtl number.

2. Investigate the variation in heat transfer characteristics of the components

in the array at specific spacing and power level by conducting detailed flow

visualization experiments for each fluid at selective spacings.

3. Change the design of the heat exchanger to allow an increase in the mass

flow rate of coolant through the effective area of the heat exchanger to obtain

better data, especially at 7 mm spacing.

4. Investigate the effect of vertical orientation of the chips.

5. Four unused channels of the data acquisition system out of 80 can be

used to measure the temperatures within the dielectric fluid or on circuit board.
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APPENDIX A. SAMPLE CALCULATIONS

Sample calculations were carried out for component #4 at 0.8 W power level.

Spacing was 7 mm and dielectric liquid was FC-75.

A. CALCULATION OF THE AVERAGE COMPONENT WETTED SURFACE

TEMPERATURE

1. Conversion of Thermocouple Voltages to Temperatures

Using conversion formula and the constants for copper constantan

thermocouples.

T = D1 + D2 * emf + D3 * emf 2 + D4 * emf 3 + D5 * emf4

+ D6 * emf 5 + D7 * emf 6 + D8 * emf 7  (31)

where,

D1 = 0.10086091 D5 = -9247486589.6

D2 = 25727.9 D6 = 6.98E11

D3 = -767345.8 D7 = -2.66E13

D4 = 7802.5596 D8 =3.94E14

Using thermocouple #18, from Equation (31)

emf(18) = 1.151E-3 V

T(18) = 28.84°C
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2. Average Component Surface Temperature

Wetted surface areas of component,

Acen = 1.92E-4 m2

Atop = Abot = 4.85E-5 m2

Aright = Aleft = 1.44E-4 m2

Atotal = 5.76E-4 m2

Surface temperatures of component

T(18) = 28.84°C

T(19) = 28.87-C

T(20) = 28.7-C

T(21) = 28.60C

T(22) = 28.60C

From Equation (1)

T,,g = 28.73C

B. CALCULATION OF THE HEATER POWER

Volt = emq61) = 3.453 V

emf(65) = 2.899 V

RP = 2 Ohm

From Equation (2)

Power(4) = 2.899 (3.453 - 2.899) / 2

Power(4) = 0.8030 W
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C. CALCULATION OF CONDUCTION LOSS

Td = T(23) = 31.01-C

Tbp = T(60) = 20.79-C

t 00.012 m

k 0.195 W/ink

A = 1.92E-4 M
2

From Equation (4)

Rc = 0.012/(0.195 * 1.92E-4) = 320.51 KIW

From Equation (5)

A T4 = 31.01 - 20.79 = 10.220C

Then from Equation (3)

Q1. = 0.035 W

D. HEAT TRANSFER COEFFICIENT

T(54) = 9.048-C

T(55) = 10.550C

T(56) = 10.35°C

From Equation (8)

T",, = (9.048 + 10.55 + 10.35) 3 = 9.98C

From Equation (7)

Q,,, = 0.8030 - 0.035 = 0. 768 W

Then t-om Equation 6
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h =0.768 / [5.76E-4 (28.73 - 9.98)]

h = 71.11 W/M2 K

E. THERMOPHYSICAL PROPERTIES OF FC-75 AT FILM TEMPERATURE

From Equation (9)

Turn = (28.73 + 9.98) /2 = 19.36iC

1. Thermal Conductivity

From Equation (10),

k = (0.65 - 7.8947E-4 *19.36)/10

k = 0.06347 W/mK

2. Density

From Equation (12)

p = (1.825 -0.00246 *19.36) *1000

p 1777.37 kg/rn3

3. Specific Heat

From Equation (14),

CP= (0.24111 + 3.7037E-4 * 19.36) 4180

C,, = 1037.82 j/kg K

4. Kinematic Viscosity

From Equation (15)

v = 1.4074 - 2.964E-2 * 19.36 + 3-8018E-4 *(19.36)2

-2.7308E-6 * (19.36)' + 8.1679E-9 * (19-36) 4 ]E-6
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v = 9.574E-7 m2/s

5. Thermal Expansion Coefficient

From Equation (17)

=0.00246 /(1.825 - 0.00246 * 19.36)

=0.001384 K'

6. Thermal Diff usivity

From Equation 19,

a = 0.06347 / (1777.37 * 1037.82)

cc= 3.4409E-8 m2IS

F. CALCUL.ATION OF THE NUSSELT NUMBERS

1.Nusselt Number Based on the Height of the Component

L1 = 0.008 m

From Equation (20)

Nul = 71 .11 * 0.008 /0.06347

NW = 8.966

2. Nusselt Number Based on the Ratio (Area/Perimeter) of the

Component

From Equation (22)

L2 = [(24 * 8/64) + 2 (8 * 6/28) + 2 (24 * 6/60)]E-3

L2 = 11.229E-3 m

Then from Equation 21
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Nu2 = 71.11 * 11.229E-3/0.06347

Nu2 = 12.584

G. CALCULATION OF THE GRASHOF NUMBER

From Equation (24)

AT = 28.73 - 9.98 = 18.75°C

Then from Equation (23),

Gr = 9.81 * 0.001384 (0.008) 3 * 18.75 / (9.574E-7)2

Gr = 142196.69

H. CALCULATION OF THE PRANDTL NUMBER

From Equation (25)

Pr = 9.574E-7 / 3.4409E-8

Pr = 27.82

1. CALCULATION OF THE RAYLEIGH NUMBERS

1. Temperature Based Rayleigh Number

From Equation (26),

Ra, - 142196.69 * 27.82 = 3.96E6
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2. Flux Based Rayleigh Number

From Equation (27)

Ra, = 9.81 * 0.001384 (0.008)4 0.786 / [0.06347

* 9.574E-7 * 3.4409E-8 *5.76E-4]

Raf = 3.547E7
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APPENDIX B. UNCERTAINTY ANALYSIS

Sample calculations of the uncertainty analysis are carried out for component

#4 at 0.8 W power level. Spacing was 7 mm and dielectric liquid was FC-75.

A. UNCERTAINTIES IN THE NET HEAT CONVECTED INTO THE FLUID

Starting with the power dissipated by the heater

Power = emf(l) * (Volt - emf(I)) /Rp

Power = function (emf(l), Volt, RP)

P=Power Volt - 2 emf(l)
a emf(l) RP

P2 = a Power = emf(l)
aVolt RP

D Power - emf( I) ( Volt -emf( 1)

-TRp R P

UPower = [(P1 * Uemf (1)f + (P2 * UVoltf + (P3 * UR fJ 1
42

where,

Uemf(l) = UVolt = + 0.001 V Resolution/Precision of IMeasuring Device

URP =±0.05Q

Substituting numerical values,

emf(61) = Volt = 3.453 V
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emf(65) = 2.899 V

Rp 2 2Q

Power = 0.803 W

P1 = (3.453 - 2 * 2.899) / 2 =-1.1725

P2 = 2.899/2 = 1.2604

P3 = - [2.899 (3.453 - 2.899)]/22 -0.4015

UPower = [(1. 1725 * 0.001f + (1.2604 * 0.001) 2 + (0.4015 * 0.05)2]r/2

UPower = 0.02015 W

UPower 100% = 0.02015 100% = 2.51%
Power 0.8030

Power 0.803 ± 2.51 W

Conduction loss through the back of the circuit board

= AT/R,

, = function (AT, RJ

Q1= / RaJAT

a A T

Q2 = .. , -AT/RI
a R8
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UQ,o. = [(Q1 * UATf + (02 * UR2]1,2

where,

UAT = 10%

UR C  = 10%

Substituting numerical values,

AT = 10.220C

RC  = 320.51 K/W

QIOSS = 0.035 W

UA T = 1.022C

UR, - 32.051 K/W

01 = 1/320.51 = 0.00312

02 = -10.22 /320.512 = -9.949E-5

UQo. = [(0.00312 * 1.022)2 + (9.949E-5 32.051)2]/2

UQo. 0. 00451 W

U0, 100% - 0.00451 * 100% = 12.89%

Q0o. 0.035

Qo,,s = 0.035 12.9% W

Net heat added to the FC-75

Qner = Power- 0o.,

UQ,,t = [UPoweF + UQlos2]1
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Substituting numerical values,

Onet = 0. 768 W

UPower = 0.02015 W

UQIo.0 , 0. 00451 W

UQnet = (0.02015 + 0.004512)/2

UQe = 0.02065 W

Uonet 0.02065
U * 100% - 0 100%=2.69%

Onet 0.768

Q9nt 0. 768 ± 2.69% W

B. UNCERTAINTIES IN NUSSELT NUMBER

Starting with average heat transfer coefficient,

h = ,, / [Aotx (Tv - Tnd)]

h = function (Q,,, Atta AT)

h1a h 1
hi = h= 1

a QOn , At */A T

h2 ah 2Qnt
a A10 Al 2A T
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h3 =h
DAT Atotai * AT

Uh = [(hi * UQne& + (h2 * UAtaf + (h3 * UATf] 1 2

where,

UAT = 1%

Calculation of uncertainty in A 0,

Atotai = 2BH + 2LH + LB

where,

L, B, H = Length, width, and height of the component

Al D Atota - 2H + B
a L

A2 a iAt ai =2H+ L
a B

A3 - A =2B + 2L
a H

UAtoal = [(A1 * ULf + (A2 * UBf + (A3 * UH)]'
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Substituting numerical values

UL = UH=UB=1E-4m

L = 0.024 m

B = O.008 m

H = 0.006 m

Al = 2 * .006 + 0.008 = 0. 02

A2 = 2 * 0.006 + 0.024 = 0.036

A3 = 2(0.008 + 0.024) = 0.064

UAt, a,  = [(0.02 * 0.0001f + (0.036 * 0.0001f + (0.064 , O.O001fl

UAtota = 7.61E-6 rre

Going back to calculation of the uncertainty in heat transfer coefficient and

substituting numerical values,

h = 71.11 Wn K

AT = 18.750C

UA T = O.18750C

Atota = 5. 76E-6 me

hi = 1 92.59
5.76E-4 * 18.75

h2 0.768 =- 123456.79
(5.76E-4)2 18.75
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h3 - 0.768 -- -3.79
5.76E-4 * 18.75'

Uh = [(92.59 * 0. 02065f + (123456.79 *7.6 1 E-6f +(3.79 *0. 1875f1/2

Uh = 2.2457 W/m2 K

Uh *100% =2.2457 * 100% = 3.16%
h 71.11

h = 71.11i±3.16% W/nfK

From Equation (20)

Nul hLi/k

Nul = function (h, Li1, k)

Ni - aNu =Li
Dh k

N2 aNu =h
aL k

N3 a aNul =_ hL
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UNul = [(Ni ,* Uhf + (N2 * ULilf + (N3 * Ukf ]J 2

Assuming no uncertainties in FC-75 properties

UNul = [(N1 * Uhf + (N2 * ULlf]'2

Substituting numerical values

Li = 0.008 m

h = 71.11 W/rrK

k = 0.0634 7 W/mK

N1 = 0.008 / 0.06347 = 0. 126

N2 = 71.11 / 0.06347 = 1120.37

UNul = [(0. 126 * 2.2457)f + (1120.37 , E-4)2'2

UNu1 = 0.3043

UNul * 100% = 0.3043 =3.39%

Nul 8.966

Nul = 8.966 ± 3.39%

C. UNCERTAINTIES IN FLUX BASED RAYLEIGH NUMBER

From Equation (27)

Ra, = gL' Q,, / kfv(xA,,d

Again, assuming no uncertainties in FC-75 properties and gravitational

acceleration,

Rar = function (L4, Q, A,,)
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aRaf 4 go 0Q,,t 1 3
R1 = IaL 4  kvaAtoa

a Raf go L4
R2

a net kvaAtotal

a Raf go 0 Q.t

R3 2
a I Aota:l

URaf = [(R1 * UL 4f + (R2 * UQe/ + (R3 * UA,, af] 12

Substituting numerical values

= 0.001384 K 1

k = 0.0634 7 W/mK

v = 9.574E-7 rr2/s

a = 3.4409E-8 rnf/s

ne, = 0. 768 W

UQ~, = 0.02065 W

Atot = 5.76E-4 rr?

UAtcal = 7.61E-6 n72

L = O.008 m
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UL = 1E-4rm

RI = 1.7731E10

R2 = 46175179.2

R3 = 6.1567E10

URa, =[1. 773 1E 10 * E-4f' + (46175179.2 * 0. 02065f2+ (6. 1567E10 *7.6 1E-6ff' 12

URa, = 2066398

URa, 0 2066398*10%5.%
=,* i 00%10 .3

Ra, 3.547E7

Ra, 3.54 7E7.±5.83%
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APPENDIX C. TABLES

TABLE 1. REDUCED DATA FOR FC-75 AND 42 MM SPACING

THE RAW Emf DATA ARE FROM THE FILE: 12DEC2Z20

THE POWER SETTING PEP CHIP WAS: e.l15 .
THE DISTANCE TO THE FRONT WALL WAS 42 MM,LiGUIO WAS FC-7S

CHIP ONET (W Tavg-T5 Nul Nu2

.113 4.991 4.933 6.923

TEMO.BASEC RAYLEIGH NUMBER * E-6 IS: .90

FLUX BASED RAYLEIGH NUMBER 
o 
E-6 IS: 4.46

A'ERAaE tEMPERATURE: )4.648

SIN , TEMPERATURE: 9.887

l .113 4.921 4.9-2 E.922

TEMP.BASED RA'TLEIGH NUMEER * E-E IS: .90

FLUX BASED RAYLEIGH NUMEER - E-6 IS: 4.45

AVERAGE TEMPERATURE: 14.826

SINK TEMPERATURE: 9.857

.112 4.991 4.914 6.897

TEMF.BASED RAYLEIGH NUMBER * E-6 IS: .9e

FLUX EASED RAYLEIGH NUMBER * E-6 I5 4.44
AVERAGE TEMPERATURE: 14.848

SINK TEMPERATURE: 9.857

4 .114 4.95C 4.995 7.811

TEMP.eASED RAYLEIGH NUMBER * E-6 IS: .90

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4.49
AVERAGE TEMPERATURE: 14.807

SINK TEMPERATURE: 9.8S7

5 .116 4.369 5.08S 7.137

TEMP.BASED RAYLEIGH NUMBER * E-B IS: .90

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4.57

AVERAGE TEMPERATURE: 14.828

SINK TEMPERATURE: 9.857

6 .116 s.o6e 4.957 6.971
TEMP.BASED RAYLEIGH NUMBER s E-B IS: .92

FLUX BASED RAYLEIGH NUMBER # E-6 IS: 4.55
AVERAGE TEMPERATURE: 14.917

SINK TEMPERATURE: 9.857

7 .1!3 4.928 A.BB 6.958
TEMP.BASED RAYLEIGH NUMBER * E-B IS: .89

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4.42

AVERAGE TEMPERATURE: 14.785

SINK TEMPERATURE: 9.857

e .117 S.157 4.905 6.8B5

TEMF.BASEO RAYLEIGH NUMBER * E-B IS: .94

FLUX BASED RAYLEIGH NUMBER * E-B 15: 4.59

AVERAGE TEMPERATURE: 15.014

SINK TEMPERATURE: 9.857

9 .117 S.179 4.881 6.81

TEMF.BASED RAYLEIGH NUMSE; * E-B IS: .94

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 4.53

AVERAGE TEMPERATURE: IS. ]B

SINk TEMPERATURE: S.957
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TABLE 2. REDUCED DATA FOR FC-75 AND 42 MM SPACING

THE RAw E~f DATA APE FROM THE FILE: 13DEC0740

THE POWER ETTI7NG PE l CHIP WAS: 0.34 W
THE DISTANCE TO THE FRONT WALL WAS 42 MM.,LIOUID WAS FC-75

CHIP QNET(W) Tavg-Ts Nul Nu2

1 .330 8.153 8.88 12.363
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 1.54

FLUX BASED RAvLEIG" NU
M
BER - E-E IS: 13.56

AVERAGE TEMPERATURE: 16.307
SINW' TEMPERATURE: IC.ISS

.329 7.9800 9.862 12.728
TEMP.ASED RAYLEIGH NUMBER * E-6 IS: 1.49
FLUX EASED RAYLEIGH NUMBER * E-6 IS: 13.48
AVERAGE TEMPERATURE: 18.855

SINK TEMPERATURE: 18.155

3 .329 7,664 9.089 12.757

TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: 1.48

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 13.45
AVERAGE TEMPERATURE: 16.019
SINK TEMPERATURE: 10.IS

4 .331 8.873 8.927 12.530

TEMP.BASED RAYLEIGH NUMEER * E-G IS: 1.S2
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 13.60
AVERAGE TEMPERATURE: 18.226
SINK TEMPERATURE: 10.155

.S 39 7.268 9.367 13.147
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.48
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 13.87
AVERAGE TEMPERATURE: 18.023
SINK TEMPERATURE: 10.15S

6 .337 7.885 9.295 13.047
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.48
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 13.80

AVERAGE TEMPERATURE: 18.048
SINK TEMPERATURE: 10.1S

7 .3:7 8.059 8.821 12.389

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.52
FLUX BASED RAYLEIGH NUMBER * E-G IS: 13.41

AVERAGE TEMPERATURE: 18.213

SINK TEMPERATURE: 1.1SS

a .339 7.994 9.211 12.928
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 1.61
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 13.88

AVERAGE TEMPERATURE: 1.148
SINK TEMPERATURE: 10.1S5

9 .338 7.922 9.262 13.028
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.49

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 13.8s
AVERAGE TEMPERATURE: 18.076
SINK TEMPERATURE: 10.15S
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TABLE 3. REDUCED DATA FOR FC-75 AND 42 MM SPACING

THE RAW E-f DATA ARE PROM THE FILE: IZDEC120S

THE POWER SETTING PEP CHIP WAS: 0.8 w

THE DISTANCE TO THE FRONT WALL WAS 42 MMLIOUIO WAS FC-75

CHIP ONET(W) Tavg-Ts Nul NuZ

.776 14.283 11.865 IE.ES3
TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: 2.89
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 34.25
AVERAGE TEMPERATURE: 24.492
SINK TEMPERATURE: I1.210

.774 13.691 12.337 17.316

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.7S

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 33.92

AVERAGE TEMPERATURE: 23.9e1

SINK TEMPERATURE: 1.210

3 .772 13.518 12.472 17.86

TEMF.BASED RPYLEIGH NUMBER * E-6 IS: 2.71
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 33.78
AVERAGE TEMPERATURE: 23.720

SINK TEMPERATURE: 10.210

4 .779 14.217 11.958 16.784

TEMP.EASEC RAYLEIGH NUMBER * E-6 IS: 2.87
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 34.34
AVERAGE TEMPERATURE: 24.426
SINK TEMPERATURE: 10.210

5 .796 13.692 12.689 17.810

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.75
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 34.89

AVERAGE TEMPERATURE: 23.902

SINK TEMPERATURE: 10.210

6 .792 13.386 12.902 18.109
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 2.66
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 34.57
AVERAGE TEMPERATURE: 23.599

SINK TEMPERATURE: 10.210

7 .768 14.279 11.739 16.476

TEMP.BASED PAYLEIGH NUMBER * E-6 IS: 2.89
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 33.88

AVERAGE TEMPERATURE: 24.488

SINK TEMPERATURE: 10.210

a .796 13.728 12.647 17.781
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.76
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 34.88

AVERAGE TEMPERATURE: 23.937

SINK TEMPERATURE: 10.210

9 .79S 13.416 12.922 18.137

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 2.69
FLUX BASED RAYLEIGH NUMBER - E-6 1S: 34.72

AVERAGE TEMPERATURE: 23.626

SINK TEMPERATURE: 10.210
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TABLE 4. REDUCED DATA FOR FC-75 AND 42 MM SPACING

THE RAW Emf DATA ARE FROM THE FILE: 13DEC1820

THE POWER SETTING PER CHIP WAS: 1.3 W

THE DISTANCE TO THE FRONT WALL WAS 42 MMLIQUID WAS FC-75

CHIP QNET(W) Tavg-Ts Nul Nu2

1 1.25 19.496 14.108 19.801

TEMPBASED RAYLEIGH NUMBER * E-6 IS: 4.18

FLUX BASED RAYLEIGH NUMBER * E-E IS: 58.97

AVERAGE TEMPERATURE: 29.858

SINK TEMPERATURE: 10.362

2 1.252 18.304 14.971 21.013

TEMP.BASEO RAYLEIGH NUMBER - E-6 IS: 3.88

FLUX BPSEO RAYLEIGH NUMBER - E-6 IS: 58.82

AVERAGE TEMPERATURE: 28.666

SINK TEMPERATURE: 10.362

3 1.250 17.922 15.259 21.418

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 3.78

FLUX BASED RAYLEIGH NUMBER - E-6 IS: S7.6

AVERAGE TEMPERATURE: 28.283

SINK TEMPERATURE: ?0.362

4 1.26I 18.358 14.266 20.023

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 4.14

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 59.12

AVERAGE TEMPERATURE: 29.720

SINK TEMPERATURE: 10.352

5 1.288 18.447 15.288 21.459

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 3.91

FLUX BASED RAYLEI6H NUMBER * E-6 IS: 59.80

AVERAGE TEMPERATURE: 28.808

SINK TEMPERATURE: )0.362

6 1.282 18.1t7 15.415 21.636

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 3.85

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 59.32

AVERAGE TEMPERATURE: 28.559

SINK TEMPERATURE: 10.362

7 1.244 19.3! 14.102 19.793

TEMP.BASED RAYLFIGH NUMBER * E-6 IS: 4.13

FLUX BASED RAvLEIGH NUMBER * E-6 IS: 58.29

AVERAGE TEM%.RATURE: 29.676

SINK TEMPERATURE: 10.362

8 l.88 18.255 15.443 21.67S

TEMP.BASED RAYLEI6H NUMBER % E-6 IS: 3.86

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 59.65

AVERAGE TEMPERATURE: 28.617

SINK TEMPERATURE: 10.3E2

9 1.287 17.705 15.905 22.324

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 3.72

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 59.24

AVERAGE TEMPERATURE: 28.066

SINK TEMPERATURE: 10.362
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TABLE 5. REDUCED DATA FOR FC-75 AND 42 MM SPACING

TH P Erf OATA ARE PPOM THE FILE: I3DECI59

T"7 Po= R zETTIN7 PE CHIP WAS: 1 .7 W

THE S7STAt4ZE TO THE FRONT WALL WAS 42 MM,LI 1 WAS F-7

CHIP QNETtW) TaQ-T5 Nul Nu2

I.E57 23.608 15.413 21.633

TEM.B.ASED RAYLEIGH NUMBER - E-6 IS: S.27
FLUX BASED RRYLEIGH NUMEER * E-6 IS: 61.28

AVERAGE TE EPATuRE: 77.864

SINK TEM-ERATJRE: 10.2S6

2 J.;!3 21.5E0 16.9e6 23.168

TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: 4.82

FLUX BASED RAYLEIGH NUMEER• E-6 IS: 79.58

AVERAGE TEMPERATURE: 32.216

SIN, TEMPERATURE: 10.255

3 1.649 21.254 17.010 23.874

TEMP.SASED RAYLEIGH NUMBER - E-6 IS: 4.63
FLU BASED RAYLEIGH NUMBER - E-6 IS: 76.79
AVERAGE TEMPERATURE: 31.511

SINK TEMFERATURE: 10.256

4 1.653 23.49S !5.S49 21.824
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 5.24

FLUX BASED RAYLEIGH NUMEER - E-6 IS: 81.46
AVERAGE TEMPERATURE: 13.741

SINK TEMPERATURE: 10.255

5 1.701 22.261 16.760 23.924
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 4.90
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 82.17

AVERAGE TEMPERATURE: 32.S17
SINK TEMPERATURE: 10.25E

6 1.691 22.238 16.BI 23.412

TEMP.BASEO RAYLEIGH NUMBER # E-6 IS: 4.90
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 81.68
AVERAGE TEMPERATURE: 32.494

SINK TEMPERATURE: 10.296

7 .64 23.464 19.342 21.534
TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: 9.23

FLUX BASED RAYLEIGH NUMBER - E-B IS: 80.29
AVERAGE TEMPERATURE: 33.721

SINK TEMPERATURE: Te.296

B 1.696 21.933 16.980 23.833
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 4.81

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 81.74
AVERAGE TEMPERATURE: 32.189

SINK TEMPERATURE: 10.25S

9 1.697 21.117 17.618 24.728
TEMP.BASEO RAYLEIGH NUMBER - E-6 IS: 4.60
FLUX BASED RAYLEI6H NUMBER , E-6 IS: 80.95

AVERAGE TEMPERATURE: 31.373

SINg TEMPERATURE: 10.25E
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TABLE 6. REDUCED DATA FOR FC-75 AND 42 MM SPACING

THE RAh Emf DATA ARE FROr THE FILE: 130EC2240
THE POWER SETTING PER CHIP WA5: 2.25 w

THE DISTANCE TO THE FRONT WALL WAS 42 MMLIDUID WPS FZ-75

CHIP QNET(W) Tsvg-T5 Nul Nu2

2.189 28.871 16.672 23.400

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 6.82

FLUX BASED RAYLEIGH NUMBER ° E-6 IS: 113.62

AVERAGE TEMPERATURE: 39.174

SINK TEMPERATURE: 10.3e3

2.179 26.79 17.890 25.110

TEMP.EASED RAYLEIGH NUMBER - E-6 IS: 6.19

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 110.77

AVERAGE TEMPERATURE: 37.C97

SINK TEMPERATURE: 10.303

3 2.174 25.970 18.412 25.842

TEMP.BASED RAYLEIGH NUMBER o E-6 IS: 5.95

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 109.56

AVERAGE TEMPERATURE: 36.272

SINK TEMPERATURE: 10.303

4 2.193 28.694 16.836 23.63!

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 6.76

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 113.63

AVERAGE TEMPERATURE: 36.996

SINK TEMPERATURE: 10.303

5 2.242 27.O53 18.236 25.69S

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 6.27

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 114.30

AVERAGE TEMPERATURE: 37.355

SINK TEMPERATURE: 10.303

6 2.229 25.819 18.984 26.645

TEMP.BASED RAYLEIGH NUMBER # E-6 IS: 5.91

FLUX BASED RAYLEI6H NUMBER * E-6 IS: 112.13

AVERAGE TEMPERATURE: 36.122

SINK TEMPERATURE: 10.303

7 2.163 28.376 18.784 23.5S7

TEMP.BASED RAYLEIGH NUMBER # E-6 IS: 6.66

FLUX BASD RAYLEIGH NUMBER # E-6 IS: 111.86

AVERAGE TEMPERATURE: 38.679

SINK TEMPERATURE: 10.303

a 2.240 26.440 18.637 26,158

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 6.09

FLUX BASED RAYLEIGH NUMBER • E-6 IS: 113.4S

AVERAGE TEMPERATURE: 36.742

SINK TEMPERATURE: 10.303

9 2.239 2S.408 19.372 27.191

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 5.79

FLUX BASED RAYLEIGH NUMBER • E-6 IS: 112.13

AVERAGE TEMPERATURE: 3S.711

SINK TEMPERATURE: 10.303
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TABLE 7. REDUCED DATA FOR FC-75 AND 42 MM SPACING

THE RAW E~f DATA AFE FROM THE FILE: 14DECO286

THE POWER SETTING PER CHIP WAS: 2.9 W

THE DISTANCE TO THE FRONT WALL WAS 42 M!.LIQUIO WAS FC-75

CHIP ONET(W) Tav;-Ts Nul Nu2

2.78S 34.5S6 17.817 2S.007

TEMP.BPSED RAYLEIGH NUMBER - E-6 IS: 8.60

FLUX BASED RAYLEIGH NUMBER 
o 
E-6 IS: 163.28

AVERAGE TEMPERATURE: 44.624

SIN TEMPERATURE: 10.038

2 2.780 32.098 19.109 26.820

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 7.79
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 148.80

AVERAGE TEMPERATURE: 42.136
SINK TEMPERATURE: 10.038

3 2.773 30.893 19.791 27.779

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 7.48

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 146.53

AVERAGE TEMPERATURE: 40.931
SINK TEMPERATURE: 10.838

4 2.798 34.254 18.047 2S.330

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 8.49

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 153.2S
AVERAGE TEMPERATURE: 44.292

SINK TEMPERATURE: 10.038

6 2.861 31.698 19.912 27.947
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 7.66

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 162.61

AVERAGE TEMPERATURE: 41.736
SINK TEMPERATURE: 10.038

6 2.843 30.671 20.439 28.668
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 7.33

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 149.91

AVERAGE TEMPERATURE: 40.709

SINK TEMPERATURE: 10.038

7 2.7S7 33.861 17.967 25.247
TEMP.BASED RAYLEI6H NUMBER * E-6 IS: 8.36

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 150.40

AVERAGE TEMPERATURE: 43.899
SINK TEMPERATURE: 1.038

8 2.8S7 31.223 20.177 28.320

TEMP.BASED RAYLEI6H NUMBER - E-6 IS: 7.61

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 161.0

AVERAGE TEMPERATURE: 41.261

SINK TEMPERATURE: 18.038

9 2.856 30.362 20.735 29.103
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 7.24

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 150.08

AVERAGE TEMPERATURE: 40.400
SIN. TEMPERATURE: 10.e38
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TABLE 8. REDUCED DATA FOR FC-75 AND 30 MM SPACING

THE RAW Err DATA ARE FROM THE FILE: 24DEC1545

THE POWER EETTIN. PER CHIP WAS: 0.115 W
THE DISTANCE TO THE FRONT WALL WAS 30 Mr,LIQUID WAS FC-7S

CHIP QNET(W) Tavg-Ts Nul hw2

.114 4.466 S.S21 7.749

TEMP.BASED RAYLEIGH NUMBER * E-B IS: .81

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 4.46
AVERAGE TEMPERATURE: 14.560
SINK TEMPERATURE: 10.114

.113 4.490 5.464 7.669
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: .81
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4.44

AVERAGE TEMPERATURE: 14.604
SINK TEMPERATURE: 10.114

.113 4.533 5.395 7.573
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: .82
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 4.43
AVERAGE TEMDERATURE: 14.647
SIN. TEMPERATURE: 10.114

4 .114 4.401 5.604 7,866
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .Go
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 4.46
AVERAGE TEMPERATURE: 14.514
SINK TEMPERATURE: 10.114

s .116 4.408 5.710 8.014

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: .80
FLUX BASEG RAYLEIGH NUMBER * E-6 IS: 4.5S
AVERAGE TEMPERATURE: 14.522
SINK TEMPERATURE: 10.114

6 .115 4.458 S.613 7.878
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .81

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4.53
AVERAGE TEMPERATURE: 14.572

SINK TEMPERATURE: 10.114

7 .112 4.302 S.649 7.929
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: .78
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4.39
AVERAGE TEMPERATURE: 14.416
SINK TEMPERATURE: 10.114

8 .116 4.S32 S.659 ?,.80
TEMP.BASED RAYLEIGH NUMBER * E-B IS: .82
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 4.57
AVERAGE TEMPERATURE: 14.646
SINK TEMPERATURE: 10.114

9 .116 4.540 S.s6 7.789

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .81
FLUX BASED RAYLEIGH NUMBER - E-6 15: 4.57
AVERAGE TEMPERATURE: 14.653
SINK TEMPERATURE: 10.114
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TABLE 9. REDUCED DATA FOR FC-75 AND 30 MM SPACING

THE RA, E f DATA ARE FROM THE FILE: 1GOEC17S5
THE POWEq SETT:NG PEP CHIP WAS: 0.34 W
THE OiSTAN2E TO THE FROtNT WALL WAS 30 MMLIQUID WAS FC-7S

CHIP QNET7wU Tavg-Ts Nul Nu2

I 338 8.472 8.661 12.157
TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: 1.60
FLUX BASEC RAYLEIGH NUMBER - E6G IS: 13.83
AVERAGE TEMPERATURE: 18.390
SINK TEMPERATURE: 9.B18

2 .36 6.273 8.838 12.405
TEMP.BASEO RAYLEIGH NUMBER • E-6 IS: 1.56

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 13.75
AVERAGE TEMPERATURE: 16.191
SINK TEMPERATURE: 9.918

.]35 8.:)7 8.88: 12.467
TEMP.BSED RAYLEIGH NUMEER * E-6 IS: 1.54
FLUX BASEO RAYLEIGH NUMBER • E-6 IS: 13.78

AVERA3E TEMPERATURE: 18.125
SINK TEMPERATURE: 9.918

4 .338 8.489 8.666 12.164
TEM'P.BASED RAYLEIGH NUMBER - E-6 IS: 1.60
FLUX BASED RAYEIGH NUMBER - E-6 IS: 13.87

AVERAGE TEMPERATuRE: 18.407
SINK TEMPERATURE: 9.918

5 .346 8.218 9.140 12.629
TEMP.EASED RAYLEIGH NUMBER * E-S IS: 1.S4
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 14.12

AVERAGE TEMPERATURE: 18.136
SINK TEMPERATURE: 9.918

6 .344 8.289 9.013 12.E66
TEMP.BASED RAYLEIGH NUMBER - E-6 1: 1.86
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 14.05
AVERAGE TEMPERATURE: 18.287
SINK TEMPERATURE: 9,918

7 .333 8.494 8.33 11.977
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.60
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 13.67
AVERAGE TEMPERATURE: 18.412
SINK TEMPERATURE: 9.918

8 .34S 8.366 8.974 12.896
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 1.s8
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 14.14

AVERAGE TEMPERATURE: 18.284
SINK TEMPERATURE: 9.918

9 .345 8.276 9.oE2 12.720
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 1.86
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 14.11
AVERAGE TEMPERATURE: 18.19S
SINK TEMPERATURE: 9.918
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TABLE 10. REDUCED DATA FOR FC-75 AND 30 MM SPACING

THE RA- Emf DATA ARE FROM THE FILE: 19EZ115

THE POWEP SETTING PER CHIP WAS: 0.8 u

THE DISTANCE TO THE FRONT WALL WAS 30 MM.LIOUIC WAS FC-7S

CHIP ONET(L) Tavg-Ts Nil Nu2

.774 14.305 11.819 16.589

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 2.90

FLUX BASED RAYLEIGH NUMBER - E-B IS: 34.29

AVERAGE TEMPERATURE: 24.657

SINK TEMPERATURE: 10.3S2

.772 13.655 12.338 17.318

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.75

FLUX BASED RAYLEIH NUMBER • E-6 IS: 33.93

AVERAGE TEMPERATURE: 24.007

SINK TEMPERATURE: 10.352

3 .770 13.4E3 12.487 17.526

TEMP.6ASEO RAYLEIGH NUMBER * E-6 IS: 2.71

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 33.78

AVERAGE TEMPERATURE: 23.815

SINK TEMPERATURE: 10.352

4 .777 14.239 1I.H14 18.7:2

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.89

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 34.38

AVERAGE TEMPERATURE: 24.591

SINK TEMPERATURE: 10.352

5 .794 13.725 12.620 17.713

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.77

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 34.91

AVERAGE TEMPERATURE: 24.078

SINK TEMPERATURE: 10.352

6 .789 13.584 12.673 17.788

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 2.73

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 34.64

AVERAGE TEMPERATURE: 23.936

SINK TEMPERATURE: 10.352

7 .765 14.270 11,697 16.417

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.89

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 33.84

AVERAGE TEMPERATURE: 24.622

SINK TEMPERATURE: 10.352

B .792 13.618 12.699 17.824

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.74

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 34.81

AVERAGE TEMPERATURE: 23.970

SINK TEMPERATURE: 10.3S2

9 .792 13.423 12.877 18.073

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.70

FLUX BASED RAYLEIGH NUMBER E E-6 IS: 34.72

AVERAGE TEMPERATURE: 23.775

SINS TEMPERATURE: 10.352
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TABLE 11. REDUCED DATA FOR FC-75 AND 30 MM SPACING

THE RAW Emf DATA ARE FROM THE FILE: ISDEC230c

ThE PO ER SETTINO FER CHIP wAS: 1.3 w

THE DISIAN1E TO THE FRONT WALL WAS 30 MM.LIOUiD WAS FC-75

CHIP QNETtW) Tavg-T5 Nul Nu2

I .250 19.4E7 14.063 19.738

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 4.17

FLUX BASED RAYLEIGH NUMBER • E-6 IS: 58.71

AVERAGE TEMPERATURE: 29.854

SINK TEMPERATURE: 10.387

2 1.246 18.143 t5.031 21 .097

TEMP.BASED RAYLEGH NUMBER - E-6 IS: 3.84

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 57.67

AVERAGE TEMPERATURE: 28.531

SINK TEMPERATURE: 10.387

3 1.243 17.749 15.322 21.50S

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 3.74

FLUX BASED RAYLEIGH NUMBER * E-6 IS: S7.26

AVERAGE TEMPERATURE: 29.136

SINK TEMPERATURE: 10.387

4 1.254 19.327 14.215 19.951

TEMP.BASED RAYLEIGH NUMBER * E-G IS: 4.14

FLUX BASED RAYLEIGH NUMBER - E-G IS: 58.83

AVERAGE TEMPERATURE: 2S.715

SINK TEMPERATURE: 10.387

5 1.282 18.473 15.196 21.329

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 3.92

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 59.67

AVERAGE TEMPERATURE: 28.860

SINK TEMPERATURE: 10.387

8 1.275 18.125 16.395 21.608

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 3.83

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 58.99

AVERAGE TEMPERATURE: 28.S12

SINK TEMPERATURE: 10.387

7 1.236 19.304 14.023 19.683

TEMP.BASED RAYLEIGH NUMBER * E-6 :S: 4.13

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 57.95

AVERAGE TEMPERATURE: 29.691

SINK TEMPERATURE: 10.387

8 1.281 18.222 15.389 21.600

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 3.86

FLUX BASED RAYLEIGH NUMBER • E-6 IS: 59.35

AVERAGE TEMPERATURE: 28.609

SINK TEMPERATURE: 10,387

9 1.280 17.806 15.736 22.086

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 3.76

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 59.03

AVERAGE TEMPERATURE: 28.192

SINK TEMPERATURE: 10.367
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TABLE 12. REDUCED DATA FOR FC-75 AND 30 MM SPACING

THE RAW Emf DATA ARE FROM THE FILE: 21DEC1903

TmE POWER SETTIN3 PER CH7P WAS: 1.7 W

THE DISTAN2E TO THE FR3NT WALL WAS 3e MM.LIOUIO WAS FC-75

CHIP ONET(W) Tavg-Ts Nul Nu2

1.653 23.773 15.26S 21.426

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 5.32

FLUX BASED RAYLEIGH NUMBER * E-6 i5: 81.16

AQERAGE TEMPERATURE: 34.003

SINo, TEMPERATURE: 10.230

1.648 22.177 16.303 22.883

TEMF.BASED RAYLEIGH NUMBER - E-6 IS: 4.88

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 79.52

AVERAGE TEMPERATURE: 3Z.407

SINK TEMPERATURE: 10.230

3 1.645 21.949 16.440 2.075

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 4.62

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 79.17

AVERAGE TEMPERATURE: 3Z.179

SINK TEMPERATURE: 10.230

4 1.659 23.708 15.365 21.567

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 5.30

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 81.41

AVERAGE TEMPERATURE: 33.538

SINK TEMPERATURE: Ie.230

5 1.695 22.360 16.631 23.343

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 4.S3
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 81.94

AVERAGE TEMPERATURE: 32.590

SINK TEMPERATURE: 10.230

6 1.685 21.725 17.013 23.879
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 4.76

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 80.90

AVERAGE TEMPERATURE: 31.955

SINK TEMPERATURE: 10.Z30

7 1.634 23.736 15.115 21.215

TEMP.BASED RAYLEI6H NUMBER * E-6 IS: 5.31

FLUX BASED RAYLEI6H NUMBER * E-6 IS: 80.20

AVERA6E TEMPERATURE: 33.966

SINK TEMPERATURE: 10.230

8 1.693 22.117 16.787 23.562

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 4.86

FLUX BASED RAYLEI6H NUMBER * E-6 IS: 81.61

AVERAGE TEMPERATURE: 32.347

SINK TEMPERATURE: 10.230

9 1.692 21.481 17.273 24.244

TEMP.BASED RAYLEI6H NUMBER - E-6 IS: 4.69

FLUX BASED RAYLEI6H NUMBER - E-6 IS: 81.01

AVERAGE TEMPERATURE: 31.711

SINK TEMPERATURE: 10.230
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TABLE 13. REDUCED DATA FOR FC-75 AND 30 MM SPACING

THE RF, Emf DATA ARE ;:D THE FILE. 210EC2125

THE POWER SETTINhT PEP CHIP WAS: 2.2S 11

THE CICETANCE TO THE FRONT WA L WAS 30 MV.,LICU15 WAS FC-75

CHIP DNET(W) Tavg-T5 Nul N 2

1 2.180 29.E28 lE.217 22.762

TEMP.BASE'D RAYLEIGH NUMBER - E-6 IS: 7.03
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 114.00

AVERAGE TEMPERATURE: 379.800

SINK TEMPERATURE: 10.172

2 2.17S 27.604 17.741 24.339

TEMP.BASED RAYLEIGH NUMBER *E-E IS: 6.41

FLUX BASED RAYLEIGH NUMBER *E-6 IS: 111.24

AJERAGE TEMPERA"TURE: 37.776

SINK. TEMPERATURE: 10.172

3 2.170A 26.5129 17.732 24.88

TEMP.BASED RAYLEIGH NUMBER * E-B I5: 6.21

FLUX BASED RA:YLEIGH NUMBER - E-6 IS: 110.19

AVERPCSE TEMPERATURE: 37.100

Sihr. TEMPERATURE: 10.172

4 .16 29.Sel3 1E.348 22.946

TEMF.BASED RAYLEIGH NUMBER * E-6 IS: 6.99

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 114.28

AVERAGE TEMFERA7URE: 39.67S

Sl*: TEMPERATURE: 12.172

5 2.238 27.782 17.730 24.8a5

TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: 6.47

FLUX BASED RAYLEIGH NUMBER - E6 IS: 114.68

AVERAGE TEMPERATURE: 37.9S4

SINK< TEMPERATURE: 10.f72

E 2.225 26.626 16.247 2S.611

TEMR.BASED RAYLEIGH NUMBER * E-6 IS: 6.18

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 112.84

AVERAGE TEMPERATURE: 36.997

SINK' TEMPERATURE: 1@.172

7 2.157 29.2-72 16.237 22.790

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 6.92

FLUX BASED RAYLE1GH NUMBER - E-6 IS: 112.35

AVERAGE TEMPERATURE: 39.444

SINK TEMPERATURE: 10.172

B 2.234 27.395 17.949 25.192

TEMP.BASED RAYLE1GH NUMBER - E-6 IS: 6.35

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 114.02

AVERAGE TEMPERATURE: 37.567

SINK. TEMPERATURE: 10.172

s 2.234 216.586 18.482 25.941

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 6.11

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 1 13.00

AVERAGE TEMPERATURE: 36.758

SINK TEMPERATURE: 10.172
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TABLE 14. REDUCED DATA FOR FC-75 AND 30 MM SPACING

THE RAw Emf DATA ARE FROM THE FILE: 21DEC2340
THE POWER SETTING PER CHIP WAS. 2.9 W
THE DISTANCE TO THE FRONT WALL WAS 38 MM,LIOUID WAS FC-75

CHIP ONET W) Tavg-Ts Nul Nu2

2.791 35.184 17.542 24.621

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 8.83
FLUX BASED RAYLEIGH NUMBER • E-6 IS: 154.91

AVERAGE TEMPERATURE: 45.374
SINK TEMPERATURE: 10.190

2 2.783 32.753 18.761 26.332

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 8.02

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 150.52
AVERAGE TEMPERATURE: 42.943

SINK TEMPERATURE: 10.190

3 2.778 31.890 19.221 26.578
TEMP.BASED RAYLEIGH NUMBER ° E-6 IS: 7.74
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 148.8S
AVERAGE TEMPERATURE: 42.080
SINK TEMPERATURE: 10.190

4 2.802 34.97E 17.713 24.861
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 8.76
FLUX BASED RAYLEIGH NUMEER * E-6 IS: 155.17
AVERAGE TEMPERATURE: 4S.166

SINK TEMPERATURE: 10.19Z

S 2.B66 32.795 19.294 27.08
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 8.84
FLUX BASED RAYLEIGH NUMBER * E-E IS: 155.0S

AVERAGE TEMPERATURE: 42.585

SINK TEMPERATURE: 10.190

6 2.849 31.674 19.849 27.860
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 7.67

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 152.34

AVERAGE TEMPERATURE: 41.664

SINK TEMPERATURE: 10.190

7 2.763 34.610 17.647 24.769
TEMP.BASED RAYLEI6H NUMBER * E-6 IS: 8.64
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 152.42
AVERAGE TEMPERATURE: 44.800
SINK TEMPERATURE: 1@.1980

B 2.861 32.789 15.311 27.184
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 8.01
FLUX BASED RAYLEIGH NUMBER * E-G IS: 154.66

AVERAGE TEMPERATURE: 42.899
STNk TEMPERATURE: 10.190

5 1.86) 31.416 20.089 28.197
TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: 7.59
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 152.S3

AVERAGE TEMPERATURE: 41.605
SINK TEMPERATURE: 10.190
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TABLE 15. REDUCED DATA FOR FC-75 AND 30 MM SPACING

THE ;AW Emf DATA ARE FROM THE FILE: 22DECO0O

THE POwER SETTINS PEP CHT
p WAS: 3.55 W

THE DISTANCE TO THE FRONT WAL WAS 3C MM,LIDUID WAS FC-75

CHIP QNET(W) Tavg-Ts Nut Nu2

1 3.449 40.914 18.712 26.2E3

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 10.89

FLUX BASED RAYLEIGH NUMBER • E-6 IS: 2e3.86
AVERAGE TEMPERATURE: 51,251

SINK TEMPERATURE: 10.337

3.438 38.e73 20.007 28.081

TEMP.6ASED RAYLEIGH NUMBER * E-5 IS: 9.66

FLUX BASED RAYLEIGH NUMBER • E-6 IS: 197.29

AVERAGE TEMPERATURE: 48.410

SINK TEMPERATURE: 10.337

3 3.429 36.71C 20.980 29.026

TEME.BASE0 RAYLEIGH NUMBER * E-6 IS: 9.39

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 194.01

AVERAGE TEMPERATURE: 47,047

SINK: TEMPERATURE: 10.337

4 3.458 40.842 18.795 26.381

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 10.E7

FLUX EASED RAYLEIGH NUMBER - 8-8 IS: 204.27

AVERAGE TEMPERATURE: 51.179

SINK TEP-_RATURE: 10.337

3.S37 37.596 20.864 29.284

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 9.68

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 201.92

AVERAGE TEMPERATURE: 47,893

SINK TEMPERATURE: 10.337

6 3.S16 36.790 21.162 29.703

TEMP.8ASED RAYLEIGH NUMBER * E-6 IS: 9.41

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 199.12

AVERAGE TEMPERATURE: 47.127

SINK TEMPERATURE: 10.337

7 3.411 40.358 18.7S7 26.327

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 10.69

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 200.49

AVERAGE TEMPERATURE: 50.69

SINK TEMPERATURE: 10.337

B 3.532 38.186 20.49r 28.768

TEMP.PASED RAYLEIGH NUMBER * E-6 IS: 9.90

FLUX BASED RAYLEIGH NUMBER * E-6 -IS: 202.94

AVERAGE TEMPERATURE7 48.523

SINK TEMPERATURE: 10.337

9 3.33 3E.567 21.391 30.023

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 9.33

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 19S.61

AVERA&E TEMPERATURE: 46.904

SINK TEMPERATURE: 10.337
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TABLE 16. REDUCED DATA FOR FC-75 AND 18 MM SPACING

THE RAW Emf DATA ARE PROM THE FILE: I5DECO20

THE POWER SETTING PER CHIP WAS: 0.115 t

THE DISTANCE TO THE FRONT WALL WAS 18 MMLIQUID WAS FC-7S

CHIP ONET(W) Tavg-Ts Nul Nu2

.113 5.7S) 4.272 5.996

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 1.06

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4.52

AVERAGE TEMPERATURE: 15.847

SINK TEMPERATURE: 10.0Z6

.113 5.760 4.259 5 979

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.06

FLUX BASED RAYLEIGH NUMBER • E-6 IS: 4.50

AVERAGE TEMPERATURE: 15.846

SINK TEMPERATURE: 10.086

3 .113 5 .79 4.233 5.942

TEMF.BASEC RAYLEIGH NUMBER * E-6 IS: 1.06

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 4.49

AVERAGE TEMPERATURE: 15.B65
SINK TEMPERATURE: 10.086

4 .114 5.700 4.333 6.082

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.05

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4,53

AVERAGE TEMPERATURE: 15.706

SINK TEMPERATURE: 10.086

5 .116 5.630 4.485 6.295

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.03

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4.63

AVERAGE TEMPERATURE: 15.716

SINK TEMPERATURE: 10.086

B .116 5.708 4.396 6.170

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.05

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4.60

AVERAGE TEMPERATURE: 15.794

SINK TEMPERATURE: 10.086

7 .112 5.687 4.28S 6.015

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.04

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4.47

AVERAGE TEMPERATURE: 15.773

SINK TEMPERATURE: 10.086

8 .116 5.812 4.349 6.104

TEMP.BASED RAYLEIH NUMBER * E-6 IS: 1.07

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 4.64

AVERAGE TEMPERATURE: 15.899

SINK TEMPERATURE: 10.086

9 .116 5.914 4.344 6.096

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.07

FLUX BASED PAYLEIGH NUMBER * E-E IS: 4.54

AVERAGE TEMPERATURE: 1S.902

SINK TEMPERATURE: 10.056
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TABLE 17. REDUCED DATA FOR FC-75 AND 18 MM SPACING

THE RAW Emf DA APE FRO THE FILE: I5DECC445

7mE OWEP SE-TIN FEP CHIP WAS: 0.34 W

THE CI5ANCE T7 TmE FRONT WALL WAS 16 MM,LTQUID WAS FC-7S

CHIP QNET(W) Tavq-Ts Nul Nul

.331 9.372 7.E90 1@.793

TEMF.BASED RAYLEIGH NUMBER * E-6 IS: 1.79

FLUX BASED RAYLEIGH NUMEER - E-6 IS: 13.80

AUERAGE TEMPERATURE: 1S.S61

SINK TEMPERATURE: 10.191

.33 9.081 7:902 11.091

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.73

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 13.70

AVERAGE TEMPERATURE: 18.272

SINK TEMPERATURE: I@.191

3 .329 9.073 7.886 11.069

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 1.73

FLUX BASED RAYLEIGH NUMSER * E-6 IS: 13.66

AVERAGE TEMPERATURE: 19.264

SINK TEMPERATURE: 1@.191

4 .332 9.2es 7.777 10.916

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.78

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 13.62

AVERAGE TEMPERATURE: 19.479

SINK TEMPERATURE: 10.191

s .339 9.020 8.184 11.486

TEMP.8ASED RAYLEIGH NUMBER - E-6 IS: 1.72

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 14.08

AVERAGE TEMPERATURE: 18.211

SINK TEMPERATURE: 10.191

6 .337 9.060 8.101 11.370
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.73

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 14.01

AVERAGE TEMPERATURE: 19.251
SINK TEMPERATURE: 10.191

7 .327 9.324 7,638 10.720

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.78

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 13.63

AVERAGE TEMPFRATURE: 19.51S

SINK TEMPERATURE: 10.191

8 .339 9.127 8.092 11.357

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.74

FLUX BASED RAYLEIGH NUMBER * E-G IS: 14.11

AVERAGE TEMPERATURE: 19.318

SINK TEMPERATURE: 10.191

9 .340 9.082 5.143 11.429

TEMP.BASED RAYLEIGH NUMBER # E-6 IS: 1.73

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 14.12

AVERAGE TEMPERATURE: 19.273

SINK TEMPERATURE: 10.191
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TABLE 18. REDUCED DATA FOR FC-75 AND 18 MM SPACING

THE RAW Emf DATA APE PROM THE FILE: ISDECl7G

THE PCWER SETTING PER CHIP WAS: 8.8 W

THE DISTANCE TO THE FRONT WALL WAS 19 MM,LIQUID WAS FC-7S

CHIP QNET(W) Tavg-TS Nul Nu2

1 .773 15.989 10.553 14.812

TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: 3.27

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 34.48

AVERAGE TEMPERATURE: 25.856
SINK TEMPERATURE: 9.867

2 .770 1S.179 1.072 15.S41
TEMP.BASED RAYLEIGH NUMBER • E-6 IS: 3.07

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 34.OS

AVERAGE TEMPERATURE: 2S.045
SINK TEMPERATURE: 9.867

3 .768 16.034 11.158 1.658
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 3.04
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 33.91

AVERAGE TEMPERATURE: 24.901

SINK TEMPERATURE: 9.867

4 .775 15.927 10.622 14.9809

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 3.2S
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 34.55
AVERAGE TEMPERATURE: 25.794

SINK TEMPERATURE: 9.867

5 .792 15.396 11.229 15.761
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 3.13

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 35.11

AVERAGE TEMPERATURE: 25.263
SINK TEMPERATURE: 9.867

6 .78 1S.296 11.241 15.778

TEMP.BASED RAYLEI6H NUMBER - E-6 IS: 3.10
FLUX BASED RAYLEIGH NUMBER a E-6 IS: 34.88

AVERAGE TEMPERATURE: 25.163

SINK TEMPERATURE: 9.967

7 .764 15.815 10.548 14.806

TEMP.BASED RAYLEIGH NUMBER - E-6 15: 3.23
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 34.03

AVERAGE TEMPERATURE: 2S.682

SINK TEMPERATURE: 9.867

B .791 15.367 11.240 15.776

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 3.12
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 35.06
AVERAGE TEMPERATURE: 2S.234

SINK TEMPERATURE: 9.867

9 .791 15.081 11.447 16.067
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 3.05

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 34.94

AVERAGE TEMPERATURE: 24.948
SINK TEMPERATURE: 9.867
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TABLE 19. REDUCED DATA FOR FC-75 AND 18 MM SPACING

7 E~f ZA R VE p THE P .7 522 Z' c
HE E S E T!N - PE ; Z IF WFS : I.7 u

T . C S T AN E TO THE ;: W LL ,TS 6E W, F6-T

C-:P QNET(1W) Tag-T5 Nu N-2

1.6Sl 26.608 13.647 19.154
TEM

4. SED RAyEI- NUMER 6-E E S: 6.13

U7 BASE P YEIGH Ni.MEER - E-E IS: 63.70
AvEFAGE TEMPEPATLRE: 35.885
£!N . TEMERURE; 10.277

1.646 25.692 14.097 19.772
TEmP .6SE2 rAYLEIG- NUMER - 6-6 IS: 5.67
FLJ E YLE"Iat NUMBER * E-6 IS: 82.64
PvEPRfi TEM:ERATRE: 35.967
SIN TEmPERaTURE: I1.77

1.642 25.44 14.186 19.910
TEM .BASE: RAYLEIGH NUMBER * E-E IS: S.79

F.B EASEZ RAY.EIGH NUMEEP - E-6 IS: S2.20
AQEA;GE TEMPERATURE: 3.719
SNK. TEMFERATUPE: 0.Z77

1.656 26.446 13.772 19.32q
TEM .BASED RAYLEIGH NUMBER * E-6 IS: 6.09

FL X BPSED RAYLEIGH NUMBER * E-6 IS: 23.62
AE AE TEMFETFUPG: 38.72-
SIN- TEMPERATURE: 10.Z77

5 1.692 25.S36 14.349 20.139

TEMP.GASED RAYLEIGH NUMBER - E-6 IS: 5.94
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 8S.20

AVERAGE TEMPERATURE: 36.213

SINK TEMPERATURE: 10.277

6 1.65 25.646 14.422 20.243

TEMF.BASED RAYLEIGH NUMBER * E-E IS: S.es

FLUX BASED RAYLEIGH NUMBER * E-5 IS: 84.42
AVERAGE TEMPERATURE: 36.922

SINK TEMPERATURE: 18.277

7 1.631 26.311 13.E34 19.136

TEMP.BASED RAYLEIGH NUMBER - E-S IS: 6.05
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 62.44

AUERAGE TEMPERATURE: 36.588

SINK TEMPERATURE: 18.277

8 1.69 26.356 14.102 19.794
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 6.86

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 65.45

AVERAGE TEMPERATURE: 36.632
SINK TEMPERATURE: 10.277

9 1.689 26.566 14.S25 2C.387

TEMP.BASED PAYLEIGH NUMBER * E-6 IS: 5.63
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 84.66
AVERAGE TEMPERATURE: 3S.E4

SIN. TEMPERATURE: 10.277
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TABLE 20. REDUCED DATA FOR FC-75 AND 18 MM SPACING

THE RA6 Eml DATH ARE FROM THE FILE: 1s5ECZ315
THE POWER SETTING PER CHIP WAS: 2.25 
THE DITANCE TO THE FRONT WALL WAS 18 MMLIOU:O WAS FC-75

CHIP QNET(w) Tav;-T5 Nul Nu2

2.175 31.844 15.068 21.148

TEMP.BASEC RAYLEIGH NUMBER - E-6 IS: 7.71
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 116.22

AVERAGE TEMPERATURE: 41.932
SINK TEMPERATURE: 10.088

2.167 31.268 15.277 21.443
TEMP.BASEO RAYLEIGH NUMBER - E-6 IS: 7.54

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 115.14

AVERAGE TEMPERATURE: 41.376
SINK TEMPERATURE: 10.088

3 2.162 3".--- 15.413 21.634

TEMP.BASED R-,_LiGH NUMBER - E-6 IS: 7.42
FLUX BASED HAYLEI6H NUMBER * E-6 IS: 114.43
AVERAGE T:APERATURE: 41.021

SINK TEMPERATURE: iZ.,

4 2.182 31.6ES 15.200 21.335
TEMP.BASED RAYLEIGH NUMBER * E-E IS: 7.66
FLUX BASED RAYLEIGH NUMBER - E-6 iS: 116.38
AVERAGE TEMPERATURE: 41.753

SINK TEMPERATURE: 10.08

5 2.230 31.674 15.S33 21.802
TEMP.BASED RAYLEIH NUMBER * E-6 IS: 7.66

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 11B.57

AVERAGE TEMPERATURE: 41.762

SINK TEMPERATURE: 10.088

6 2.217 31.173 15.68 22.019

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 7.50
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 117.65
AVERAGE TEMPERATURE: 41.261

SINK TEMPERATURE: 10.088

7 2.150 31.496 15.060 21.138
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 7.60

FLUX BASED RAYLEiGH NUMBER - E-6 IS: 114.50
AVERAGE TEMPERATURE: 41.584

SINK TEMPERATURE: 10.088

8 2.227 32.178 15.276 21.441
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 7.82

FLUX BASED RAYLEIGH NUMBER * E-S IS: 119.47

AVERAGE TEMPERATURE: 42.266

SINK TEMPERATURE: 10.08

9 2.227 31.178 15.755 22.113
TEMP.BASED RAYLEI6H NUMBER * E-6 IS: 7.50

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 118.19
AVERAGE TEMPERATURE: 41.266
SINK TEMPERATURE: 10.08
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TABLE 21. REDUCED DATA FOR FC-75 AND 18 MM SPACING

THE RAw Emf DATA ARE FROM THE FILE: I6DECO0SO

THE POWER SETTING PER CHIP WAS: 2.9 W

THE DISTANCE TO THE FRONT WALL WAS I8 MM,LIQUID WAS FC-75

CHIP ONET(W) Tavg-T5 NL1 Nu2

2.788 36.201 17.044 23.9:2

TEMP.BASEO RAYLEIGH NUMBER - E-6 IS: 9.18

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 156.44

AVERAGE TEMPERATURE: 46.396

SINK TEMPERATURE: 10.196

2 2.779 36.930 18.661 23.385

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 9.43

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 1S7.14

AVERAGE TEMPERATURE: 47.126

SINK TEMPERATURE: 10.196

3 2.773 3E.008 17.038 23.913

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 9.II

FLUX BASED RAYLEIH NUMBER - E-6 IS: 188.26

AVERAGE TEMPERATURE: 46.204

SINK TEMPERATURE: 10.196

4 2.797 3S.940 17.218 24.167

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 9.09

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 156.50

AVERAGE TEMPERATURE: 46.136

SINK TEMPERATURE: 10.196

S 2.859 37.221 17.006 23.870

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 9.53

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 162.13

AVERAGE TEMPERATURE: 47.417

SINK TEMPERATURE: 10.196

6 2.841 36.198 17.368 24.378

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 9.18

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 159.41

AVERAGE TEMPERATURE: 46.394

SINK TEMPERATURE: 10.196

7 2.786 3S.738 17.089 23.943

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 9.02

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 153.88

AVERAGE TEMPERATURE: 45.934

SINK TEMPERATURE: 10.196

8 2.853 37.512 16.846 23.645

TEMP.BASED RAYLEI6H NUMBER - E-6 IS: 9.64

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 162.32

AVERAGE TEMPERATURE: 47.707

SINK TEMDERATURE: 10.196

9 2.854 36.201 17.44S 24.48S

TEMF.BASED RAYLEIGH NUMBER * E-S IS: 9.18

FLUX BASED RAYLEI6H NUMBER - E-6 IS: 160.13

AVERAGE TEMPERATURE: 46,397

SINK TEMPERATURE: IC.196
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TABLE 22. REDUCED DATA FOR FC-75 AND 11 MM SPACING

THE RAW E~f DATA ARE FROM THE FILE: 18DECiS30

THE POWER SETTING PER CHIP WAS: e.115 W
THE DISTANCE TO THE FRONT WALL WAS 11 MM,LIQUID WAS PC-75

CHIP QNET J) Tevg-Ts Nul Nu2

, 114 7.494 3.295 4.625

TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: 1.40

FLUX BASED RAYLEIGH NUMBER - E-6 IS; 4.62

AVERAGE TEMPERATURE: 17.537
SINK TEMOERATURE: 10.042

2 .113 7.481 3.289 4.617

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.40

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4.60

AVERAGE TEMPERATURE: 17.523

SINK TEMPERATURE: 10.042

3 .113 7.483 3.284 4.609

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.40

FLUX BASED RAYLEIGH NUMBER * E-6 Tq: 4.S9

AVERAGE TEMPERATURE: 17.S25

SINK TEMPERATURE: 10.042

4 .114 7.366 3.361 4.717

TEMD.BASED RAYLEIGH NUMBER * E-6 IS: 1.38

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4.62

AVERAGE TErPERATURE: 17.408

SINK TEMPERATURE: 10.042

5 .116 7.330 3.4S1 4.844

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.37

FLUX BASED RAYLEI6H NUMBER * E-6 IS: 4.72

AVERAGE TEMPERATURE: 17.372

SINK TEMPERATURE: 10.042

6 .116 7.37S 3.41S 4.794

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.38
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 4.70

AVERAGE TEMPERATURE: 17.418

SINK TEMPERATURE: 10.042

7 .113 7.467 3.275 4.59S

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.40

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4.57

AVERAGE TEMPERATURE: 17.509

SINK TEMPERATURE: 10.042

8 .116 7.453 3.396 4.766

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.39

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4.73

AVERAGE TEMPERATURE: 17.496

SINK TEMPERATURE: 10.042

9 .116 7.454 3.393 4.762

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.39

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4.73

AVERAGE TEMPERATURE: 17.496
SINK TEMPERATURE: 10.042
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TABLE 23. REDUCED DATA FOR FC-75 AND 11 MM SPACING

THE RAW Emf GATA ARE FROM THE FILE: 0CE:1900

THE P3WEP SETTING PER CHIP WAS: 0.34 W

THE CISTANCE TO THE FRONT wAL WAS 11 MMLIOUID WAS FC-75

CHIP ONETIU) Tavo-T5 Nul Nu2

.332 11.061 6.535 9.172

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.15

FLUX BASED RAYLEIGH NUMBER * E-B IS: 14.eS

AVERAGE TEMPERATURE: 21.e92

SINK TEMPERATURE: 10.031

2 .331 10.906 6,606 9.272

TEMP.BAEED RAYLEIGH NUMBER * E-E IS: 2.2

FLUX BASED RAYLEIGH NUMBER 
o 
E-6 IS: 13.98

AVERAGE TEMPERATURE: 20.937

SINK TEMPERATURE: 10.031

3 .330 10.947 .BGE 9.216

TEMc.BASED RAYLEIGH NUMBER * E-G IS: 2.13

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 13.96

mvE;AGE TEMPERATURE: 20.977

SIN,: TEMcERATURE: 10.031

4 .33 11.084 6.547 9.190
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.16

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 14.11

AVERAGE TEMPERATURE: 21.114

SINK TEMPERATURE: 10.031

5 .341 10.8s8 6.836 9.595

TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: 2.11

FLUX B SED RAYLEIH NUMBER • E-B IS: 14.40

AVERAGE TEMPERATURE: 20.889

SINK TEMPERATURE: l0.031

6 .339 10.895 6.780 9.S16

TEMP.BAIED RAYLEIGH NUMBER * E-6 IS: 2.11
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 14.33
AVERAGE TEMPERATURE: 20.925

SINK TEMPERATURE: 10.031

.329 10.927 B.SS9 9.206

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.12

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 13.91

AVERAGE TEMPERATURE: 20.957

SINK TEMPERATURE: IC.031

8 .341 10.SS7 6.779 S.S1S

TEMP.BASED RAYLEIGH NUMBER - E-B IS: 2.13

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 14.42

AVERAGE TEMPERATURE: 20.987

SINK TEMPERATURE: 10.031

9 341 10.935 6.786 9.524

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.12

FLUX BASED RAYLEIGH NUMBER * E-E IS: 14.41

AVERAGE TEMPERATURE: 20.966

SINt TEMPERATURE: 10.031
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TABLE 24. REDUCED DATA FOR FC-75 AND 11 MM SPACING

THE R4 Emf DATA ARE FPOl THE- PILE: 160E:3
THE POWER SETTING PER COIF WA5: C.E W

THE ZISTtANCE TO THE FRONT WALL WAS iI rMM.LIOUID WAS PC-75

CHIF ONET(U) Tavg-Ts Nul Nu2

1 .776 18.389 9.237 12.965
TEMP.BAcSED RAYLEIGH NUMBER - E-6 IS: 3.87

FLUX BASED RAYLEIGH NUMBER - E-E IS: 355.78
AVERAGE TEMPERATURE: 286.467

SINK TEMPERATURE: 10.27B

2 .774 17.638 9.603 13.478
TEMP.BA SED RAYLEIGH NUMBER - E-6 IS: --.69

FLUX EBED RAYLEIGH NUMBER * E-6 IS: 35.39
AVERAGE TEMPERATURE: 27.716
SINK TEMPERATURE: 18.878

3 .773 17.504 9.659 13.557

TEMP.BASEO RAYLEIGH NUMBER - E-6 IS: 3.65

FLUX EASED RAYLEIGH NUMBER - E-6 IS: 35.28
AVERAGE TEMPERATURE; Z7.SSZ

SINK TEMPERATURE: 10.078

4 .780 18.274 9.342 13.113

TEMP.BASED RAYLEIGH NUMBER - E-6 IS! 3.84

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 35.92
AVEPAGE TEMPERATURE: 28.352
SINtK TEMPERATURE: 10.1378

5 .796 17.677 9.868 13.850
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 3.70

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 36.46
AUERAGE TEMPERATURE: 217.755

SINK TEMPERATURE: 18.878

6 .793 17.1592 9.864 13.844

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 3.67
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 36.24

AVERAGE TEMPERATURE: 27.678

SINK TEMPERATURE: 18.878

7 .778 18.098 9.307 13.063
TEMP.eASED RAYLEIGH NUMBER - E-6 !S: 3.88

FLUX BASED RAYLE1GH NUMBER * E-6 IS: 3S.37
AVERAGE TEMPERATURE: 28.176

SINK TEMPERATURE: 18.878

8 .758 17.661 9.876 13.862'

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 3.69
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 36.45

AVERAGE TEMPERATURE: 27.739
SINK TEMPERATURE: 10.878

1 .797 17.437 9.991 14.023
TEMF.BASED kAYLEIGH NUMBER * E-6 IS: 3.64

FLUX BASED RAYLEIGH NU118ER - E-6 IS: 36.32

AVERAGE TEMPERATURE: :7.S1S
SINK TEMPERATURE: 18.078
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TABLE 25. REDUCED DATA FOR FC-75 AND 11 MM SPACING

THE RAW Emf DATA ARE PROM THE FILE: 16DEC1B1S

THE POWER SETTING PER CHIP WAS: 1.3 W

THE DISTANCE TO THE FRONT WALL WAS Ii MMLIQUID WAS FC-75

CHIP QNET(W) Tavg-T5 Nul Nu2

1.255 25.829 10.681 14.991

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 5.67

FLUX BASED RAYLEIGH NUMBER * E-6 IS: E2.56

AVERAGE TEMPERATURE: 35.762

SINK TEMPERATURE: 9.954

2 1.252 2 .853 1e.641 14.93S

TEMP.EASED RAYLEIGH NUMBER * E-6 IS: 5.97

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 62.50

AVERAGE TEMPERATURE: 35.805

SINK TEMPERATURE: 9.954

3 1.243 25.239 10.868 15.2s5

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 5.70

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 6).93

AVERAGE TEMPERATURE: 35.193

SIN , TEMPERATORE: 9.954

4 1.260 25.866 10.706 15.026

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: S.88

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 62.93

AVERAGE TEMPERATURE: 35.820

SINK TEMPERATURE: 9.9S4

S 1.288 2S.S13 11.092 15.569

TEMP.BASED RAYLEIGH NUMBER v E-6 IS: 5.76

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 64.07

AVERAGE TEMPERATURE: 3S.467

SINK TEMPERATURE: 9.954

6 1.280 27.507 10.241 14.374

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 6.36

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 66.11

AVERAGE TEMPERATURE: 37.460

SINK TEMPERATURE: 9.954

7 1.241 26.096 10.455 14.675

TEMP.BASED RAYLEIGH NUMBER * E-6 15: 5.94

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 62.15

AVERAGE TEMPERATURE: 3E.049

SINK TEMPERATURE: 9.954

B 1.286 26.212 10.789 15.143

TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: 5.98

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 64.49

AVERAGE TEMPERATURE: 36.165

SINK TEMPERATURE: 9.954

9 1.286 26.309 11.12 16.666

TEMP.BASED RAYLEIGH NUMBER 4 E-6 IS: 5.72

FLUX BASED RAYLEIGH NUMBER * E-6 IS: E3.82

AVERAGE TEMPERATURE: 35.263

S1NK TEMPERATURE: 9.954
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TABLE 26. REDUCED DATA FOR FC-75 AND 11 MM SPACING

THE RAW Emf OATA ARE FROM THE FILE: :70ECe1C0

THE POWER SETTING PER CHIP WAS: 1.7 W

THE DISTANCE TO THE FRONT WALL WAS 11 MM.LIQUID WAS FZ-T7

CHIO QNETIW) Tavg-T5 Nul Nu2

1.647 28,683 12.642 17.744

TEMP.BASED RAYLEIGH NUMBER * E-6 15: 6 71

FLUX BASED RAYLEIGH NUMBER • E-6 15: 84.86

AVERAGE TEMPERATURE: 3E.ESS

SINK TEMPERATURE: 9.977

2 1.642 29,264 12.357 17.344

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 6.89

FLUX BASED RAOLEIGH NUMBER * E-6 IS: BS.14

AVERAGE TEMFERATURE: 39.241

SINK TEMPERATURE; 9.977

3 1.E38 Z6.716 12.566 17.637

TEMP.BASED RAfLEIGH NUMBER - E-6 IS: 6.72

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 84.48

AVERA5E TEMPERATURE: 36.62

SINK TEMPERATURE: 9.977

4 1.654 28.527 12.764 17.91S

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 6.67

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 6S.08

AVERAGE TEMPERATURE: 3E.504

SINK TEMPERATURE: 9.977

5 1.690 29.015 12.88 18.005

TEMP.BASED RAYLEI6H NUMBER * E-6 IS: 6.81

FLUX BASED RAYLEIGH NUMBER # E-6 IS: 87.41

AVERAGE TEMPERATURE: 38.992

SINK TEMPERATURE: 9.977

6 1.680 28.670 12.90s 18.113

TEMP.BASEO RAYLEIGH NUMBER - E-6 IS: 6.71

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 86.58

AVERAGE TEMPERATURE: 38.647

SINK TEMPERATURE: 9.977

7 1.630 28.453 12.612 17.701

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 6.64

FLUX BASED RAYLEIGH NUMBER # E-6 IS: 83.78

AVERAGE TEMPERATURE: 38.430

SINK TEMPERATURE: 9.977

B 1.688 30.082 12.367 17.38

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 7.14

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 88.3Z

AVERAGE TEMPERATURE: 40.0S9

SINK TEMPERATURE: 9.977

8 1.687 28.612 1Z.886 18.101
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 6.75

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 87.07

AVERAGE TEMPERATURE: 36.768

SINk TEMPERATURE: 9.977
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TABLE 27. REDUCED DATA FOR FC-75 AND 11 MM SPACING

T Ht F AW E,' CAA FR =CM THE FILE: 17CECIEZO

TrE POwE; 5ETIN ,ER CHIP WAS: 2 W

T,E CE:TANZE 7C THE FRONT WILL WA I MM,LIOU!D WAS F -?8

CHIP QNETW) Ta.g-T N1 N.2

1 2.161 33.920 14.206 19.942

TEMF.BASE7 RAYLEIGH NUMBER * E-6 IS: 8.39

FLUX BASED RAyLEIGH NUMBER * 5-P IS: 119.26

AVERAGE TEMPERATURE: 44.Q33

# SIN TEMPERATURE: 10.113

2 2.!74 35.537 13.S31 18.9 -4

TEMP.BASED ;AYLEIGH NUMBER * E-6 IS: 6.94

FLUX EASED RhYLEIGH NUMBER * E-6 IS: 120.S3

AVERAGE TEMPERATLiRE; 45,55

SINK TEMPERATURE: 0.113

2.IE9 34.671 13.828 19.408

TEMP.SASED RAYLEIGH NUMBER - E-6 IS: 8.64

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 119.53

AVERCAGE TEMCERAURE: 44.784

SINK TEMPERATURE: 10.113

4 Z.153 3Z73 14.332 20.116

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 6.33

FLUX BASED RAYLEIGH NUMBER • E-E IS: I19.42

AVERAGE TEMPE;RAT L.: 43,B7

SINK TEMPERATURE: 10.1'1

2.237 3S.539 13.92Z 19.S40

TEMP.BASED RAYLEIGH NU1ER * E-6 IS: 6.94

FLUX BASED RAYLEIGH NUMBER . E-6 IS: 124.42

AVERAGE TEMPERATURE: 45.651

SINK TEMPERATURE: 10.1 3

6 2.2:9 3B.Ze 13.94e 19.S77

TEMF.BASED RAYLEIGH NUMBER * E-6 IS: 6.65

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 123.38

AVERAGE TF;IERATURE: 45.383

SINK TEM"ERATURE: 10.113

7 2.Ise 33.S70 14.19c 19.929

TEMP.BASED RAYLEIGH NUMBER * E-6 15: 6.28

FLUX BASED RAYLEIGH NUMBER E-6 IS: 117.54

AVERAGE TEMPERATURE: 43.683

SINK TEMPERATURE: 10.113

8 2.235 36.440 13.574 19.051

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 9.2S

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 125.51

AVERAGE TEMPERATURE: 46.553

SINK TEMPERATURE: 10.113

9 2.23S 34.871 14.170 19.88

TEMF.GASED RAYLEIGH NUMBER - E-6 IS: 8.71

FLUX BASED RAYLEIGH NUMBER # E-6 IS: 123.44

AVERAGE TEMPERATURE: 44,924

SINK TEMPERATURE: ie.i13
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TABLE 28. REDUCED DATA FOR FC-75 AND 11 MM SPACING

THE RAW Emf DAA APE FROM THE FILE: 17DEC:35S

THE POWER SETTING PER C.IP WFS: 2.9 W

THE DISTANCE TO THE FRONT WALL WAS I MM.LIQUID WAS FC-7S

CHIP QNET(W) Tavg-T5 Nul Nu2

2.782 39.181 15.737 22.868
TEMP.BASED RAYLEiGH NUMBER • E-6 IS: 10.;8

FLUX BASED RAYLEIGH NUMBER - E-E i5: 168.16

AVERAGE TEMPERATURE: 49.110

SINK TEMPERATURE: 9.929

2 2.773 41.647 14.778 20.742
TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: 11.98
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 163.75
AVERAGE TEMPERATURE: 51.577
SINv TEMPERATURE: 9.929

Z.766 40.625 15.185 21.201
TEMP.EASED RAYLEIGH NUMBER * E-6 IS: 10.70

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 161.65
AVERAGE TEMPERATURE: 50.554
SINK TEMPERATURE: 9.929

4 2.790 38.896 15.896 22.311
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 10.87

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 168.15
AVERAGE TEMPERATURE: 48.825
SINK TEMPERATURE: 9.929

5 2.853 40.867 15.486 21.736
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 10.79
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 167.12
AVERAGE TEMPERATURE: 50.797

SINK TEMPERATURE: 9.929

6 2.836 40.801 15.421 21.645
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 10.77

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 166.Z4
AVERAGE TEMPERATURE: 50.730
SINK TEMPERATURE: 9.929

7 2.752 38.637 15.778 22.145
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 9.98
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 157.50

AVERAGE TEMPERATURE: 48.567
SINK TEMPERATURE: 9.929

a 2.849 41.4S7 15.252 21.408
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 11.01
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 167.93

AVERAGE TEMPERATURE: 51.387

SINK TEMPERATURE: 9.929

9 2.849 40.575 15.77 21.864

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 10.68
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 166.42

AVERAGE TEMPERATURE: 50.504

SINK TEMPERATURE: S.925
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TABLE 29. REDUCED DATA FOR FC-75 AND 7 MM SPACING

THE PA, E , DATA ARE PRO' THE FILE: 25DEC2115

THE P3UER SETTING PER CHIP WAS: e .IS W

THE 07 TAN E TC THE RR3INT WALL WAS 7 MMLIOUL2 WAS P:-'5

CHIP C iET Tev;-T5 Nul N.2

.1:3 7.545 3.257 4.57Z

TEMP.BASEc RA'LEiCH NUMBER - E-B IS: 1.41

FLUX qA3E7 PAYLEi&- NUMBER * E-E IS: 4.60
Avz, AGE TEMERTUR: 17.554

SIN( TEMPERATURE: 10.019

.1:3 7.ESE 3,20 4.49S

TEM=.BASED P6)LEIGH NUMBER * E-6 IS: 1.43

FLUX BASEC RAYLEIGH NUMBER - E-B IS: 4.S9

AVERABE TEMPERATURE: 17.E75

SINK TEMPERATURE: 10.019

.113 7.Z79 Z.361 4.717

TE-:.,SAEC RAYLEIGH NUMBER E-S IS: 1.35

FLU,: 6;SED RAYLEIGH NUMBER E E-6 IS: 4.S6

AVERBE TEMPEPATUPE: 17.28

SINKF TEMPERATURE: 10.019

4 .114 7.315 3.373 4.735

TEMT.BASED RAYLEIGH NUMBER * E-6 IS: 1.36

FLUX BASED RAYLEIGH NUMBER • E-6 IS: 4.60

AQERAGE TEMPERATURE: 17.334

SilX TEMPE;ATURE: )2.B19

6 .116 7.527 3.347 4.657

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.41

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4.71

AVERAGE TEMPERATURE: 17.546

SINK TEMOERATURE: 10.e19

6 .11s 7.144 3.S04 A.Sli

TEMC.BASED RAYLEIGH NUMBER - E-6 IS: 1.33

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 4.66

AVERAGE TEMPERATURE: 17.163

SINK TEMPERATURE: le.019

7 .112 6.895 3.519 4.939

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 1.28

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 4.50

AVERAGE TEMPERATURE: 16.914

SINK TEMPERATURE: 10.019

8 .116 7.497 3.349 4.701

TEMP,6ASED RAYLEIGH NUMBER - E-6 IS: 1.40

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 4.69

AVERAGE TEMPERATURE: 17.516

SINK TEMPERATURE: le.015

9 .115 7_299 3.437 4.824

TEMP.EASED RAYLEIGH NUMBER * E-6 IS: 1.36

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4.66

AVERAGE TEMPERATURE: $7.318

SIN TEMPERATURE: 10.019
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TABLE 30. REDUCED DATA FOR FC-75 AND 7 MM SPACING

THE Rw E~f DATA ARE FRC THE FILE: ZSCEC2340

ThE t:PEJ SETTIN8 '-: !P wAS: 0.34 W

THE DIETA ZE TC THE FRP3T WALL WAS 7 MM,LIOUID WAS FC-7T

CHIP ONET\%w) Tavg-Ts Nu! Nu2

.330 11.877 6.C59 8.505

TEMPBASEC RAYLEIGH NUMBER - E-B IS: 2.33

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 14.10

AVEPAE TEMPERATURE: Z1.848

SIN5' TEMPERATURE: 9.971

2 ,329 11.943 6.005 8.429

TEMP.BASED RAYLEIGH NUMBER * E-G IS: 2.34

FLUX BASEr RAYLEIGH NUMBER * E-B IS: 14.06

AVERAGE Tl.:PERATURE: 21.914

SIN, T' l;ERATURE: 9.971

.:;8 11.3212 6.330 8.685

,IP.BASED RAYLEIGH NUMBER * E-S IS: 2.20

FLUX BASED RAYLEIGH NuMbER - E-B 15: 13.93

AVERAGE TEMPERATURE: 21.273

SINK TEMPERATURE: 9.971

4 ,331 11.S2S 6.263 8.791

TEMP.BASED RAYLEIGH NUMBER # E-B IS: 2.25

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 14.09

AVERAGE TEM=ERATuRE: 21.496

SINK TEMPERATURE: 9.971

5 .339 11.l67 6.247 8.768

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.31

FLUX BASED RAYLEIGH NUMEER * E-6 IS: 14.44
AVERAGE TEMPERATURE: 21.778

SINK TEMPERATURE: 9.971

6 .337 11.335 6.466 9.076

TEMF.BASED RAYLEI6 NUMBER * E-E IS: 2.21

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 14,27

AVERAGE TEMPERATURE: 21.306

SINK TEMPERATURE: 5.971

7 .326 11.237 6.318 8.868

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 2.19

FLUX BASED RAYLEIGH NUMBER # E-6 IS: 13.61

AVERAGE TEMPERATURE: 21.208

SINK TEMPERATURE: 9.971

a .133 11.7eS 6.292 8.831

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.29

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 14.40

AVERAGE TEMPERATURE: 21.676

SINK TEMPERATURE: 9.971

9 .38 11.39S 6.464 9.073

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 2.22

FLUX BASED RAYLEIGH NUMBER v E-B IS: 14.35

AVERAGE TEMPERATURE: 21.366

SINK TEMPERATURE: 9,971

118



TABLE 31. REDUCED DATA FOR FC-75 AND 7 MM SPACING

THE P,.w Em 0(
- 
ATA -PF FROM THE FILE: 260EC030

THE POSE ET &N3 PEP CHIP wA5: e.8 W

THE TOOTA.E ?0 THE FRONT WALL WAS 7 MMLIOjIC WAS FC-7S

CHIP ONET WL . T4a-T5 Nul Nw2

.765 19.503 8.601 12.072

TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: 4.15

FLUX BASED RAYLEIGH NUMBER * E-B IS: 35.68

AVERAGE TEMFERATURE: 28.483

SlN TEMPERATURE: 9.980

.764 18.8 7? 8.440 11.845

TEMP.BPSEZ RAYLEIGH NUMBER - E-6 IS: 4.23

FLUX BASED RAYLE:GH NUMBER - E-B IS: 35.69

AVERAGE TEMPERATURE; 28.797

SINK TEMPERaTURE: 9.980

3 .782 19.432 8.583 12.047

TEMP.BASEC RAYLEIGH NUMBER - E-6 IS: 4.13

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 35.45

AVERAGE TEMPERATURE: 29.412

SINK TEMPERATURE: S.$60

4 .768 18.750 8.9866 12.584

TEMF.EASED RAYLEIGH NUMBER * E-B IS: 3.96

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 35.47

AVERAGE TEMPERATURE: 28.731

SINK TEMPERATURE: 9.980

5 .785 19.71? 8.720 12.240

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 4.20

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 36.64

AVERAGE TEMPERATURE: 29.691

SINY TEMPERATURE: 9.980

6 .780 19.011 8.983 12.608

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 4.02

FLUX BASED RAYLEIGH NUMBER - E-B IS: 36.13

AVERAGE TEMPERATURE: 28.991

SINK TEMPERATURE: 9.980

7 .756 )8.316 9.034 12.680

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 3.85

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 34.75

AVERAGE TEMPERATURE: 28.296

SINK TEMPERATURE: 9.980

8 .754 19.308 8.867 12.473

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 4.10

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 36.42

AVERAGE TEMPERATURE: 29.288

SINK TEMPERATURE: 9.980

9 .784 16.722 9.152 12.859

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 3.95

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 36.18

AVERAGE TEMPERATURE: 28.702

SIWN TEMPERATURE: 9.580
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TABLE 32. REDUCED DATA FOR FC-75 AND 7 MM SPACING

THE RAW Emf DATA ARE FROM THE FILE: 26DE:ZI:5
THE POWER SETTING PER CHIP WA5: 1.3 W

THE DISTANCE TO THE FRONT WA.L WAS 7 MM.LIOUID WAS FC-75

CHIP ONET(W) Tavg-T5 Nul Nu2

1.243 26.970 10.142 14.235
TEMP.BASED RAYLEIGH NUMBER • E-6 IS: 6.23
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 63.17

AVERASE TEMPERATURE: 37.155
SINK TEMPERATURE: 10.187

2 1.239 27.642 9.867 13.849

TEMP.BASED RAYLEI6H NUMBER • E-8 IS: 6.43
FLUX BASED RAYLEIGH NUMBER • E-6 IS: 63.43

AVERAGE TEMPERATURE: 37.829

SINK TEMPERATURE: Ie.187

3 1.237 26.655 10.207 14.326
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 6.14

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 62.63

AVERAGE TEMPERATURE: 36.842
SINK TEMPERATURE: 10.187

4 1.246 25.693 10.681 14.991

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 5.86

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 62.55

AVERAGE TEMPERATURE: 35.880
SINK TEMPERATURE: 10.187

5 1.276 27.544 10.195 14.310

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 6.40
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 65.24

AVERAGE TEMPERATURE: 37.731

SINK TEMPERATURE: 10.187

6 1,268 26.657 10.465 14.688

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 6.14
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 64.22

AVERAGE TEMPERATURE: 36.644
SINK TEMPERATURE: 10.187

7 1.229 24.717 10.924 15.333

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 5.58
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 60.92

AVERAGE TEMPERATURE: 34,903
SINK TEMPERATURE: 10.187

B 1.274 27.000 10.379 14.566
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 6.24
FLUX BASED RAYLEIGH NUMBER # E-6 IS: 64.73

AVERAGE TEMPERATURE: 37.187
SINK TEMPERATURE: 10,187

9 1.274 25.E33 10.840 15.214

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 5.90

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 63.92
AVERAGE TEMPERATURE: 36.020

SINK TEMPERATURE: 10.167
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TABLE 33. REDUCED DATA FOR FC-75 AND 7 MM SPACING

T' E F. E; '-T A r'20 THE FILE: 27DEC2400

THE H; E7 SETTING PEP OHIp W6S: 1.7 w

THE DISTHAINE TO THE FFR3NT WJAL WAS 7 MMLIOUIO WAS FC-7S

CHIC ONET(W) Tav -Ts N I N 2

1.638 32.918 10.987 IS.421

TEMP.BXSEC RAYLEICH NUMBER - E-6 IS: 8.02

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 88.16

AVERAGE TEMPERATURE: 42.777

SINe. TEMPERATURE: 9.859

2 1.633 33.945 10.628 14.917

TEMF.BASED RAYLEIGH NUMBER * E-6 IS: 8.36

FLUX BSED RAYLEIGH NUMBER * E-6 IS: 6.8E

AVERAGE TEMPERATURE: 43.805

SINr< TEMPERATURE: 9.869

1.630 32.863 18.949 IS.368

TEMc.8ASED PAYLEIGH NUMBE; * E-6 IS: 8.88

F.Ux BASE" RAYLEIGH NUMBER * E-6 IS: 87.62

AVERAGE TEMPERATURE; 42.712

SINK TEMPERATURE: 9.8SG

4 1.64S 31.233 11.610 16.296

TEMP.BA5ED RAYLEIGH NUMBER * E-6 IS: 7.48

FLUX BA5ED RAYLEIGH NUMBER * E-6 IS: 86.89

AVERAGE TEMPERATURE: 41.0j2

SINK TEMPERATURE: 9.859

5 1.662 33.726 11.011 15.4S4
TEMF.BASED RAYLEIGH NUMBER * E-6 IS: 8.29

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 91.2S
AVERAGE TEMPERATURE: 43.586

SINK TEMPERATURE: 9.659

B 1.672 31.766 11.813 16.299

TEMP.GASED RAYLEIGH NUMBER * E-5 IS: 7.65

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 88.87

AVERAGE TEMPERATURE: 41.526

SINK TEMPERATURE 9.869

7 1.622 29.756 12.009 16.856
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 7.02

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 84.35

AVERAGE TEMPERATURE: 39.619

SINV TEMPERATURE: 9.8S9

8 1.68e 33.198 11.172 15.680

TEMP.BASED RAYLEI6H NUMBER - E-6 IS: 8.1l

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 90.65

AVERAGE TEMPERATURE: 43.058

S:NV TEMPERATURE: 9.859

9 1.880 32.325 11.467 16.896
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 7.63

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 6.81

AVERAGE TEMPERATURE: 4Z.164

SINK: TEMPERATURE: 9.869
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TABLE 34. REDUCED DATA FOR FC-75 AND 7 MM SPACING

THE RAi- E-f DATA AFE FP02 THE =I.E: 2DE030
THE POWER SETTIN- PEP CHiz WAS: 2.25 W

THE DISTANCE TO THE FRONT WALL WS 7 MM,LIOUDG WAS FC-TE

CHIP QNET(W) Tavg-Ts Nul Nw2

o.15B 38.628 12.319 17.290

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 10.07

FLUX BASED RAYLEIGH NUMBER • E-6 IS: 124.03
AVERAGE TEMPEPATURE: 48.847

SINK TEMPERATURE: 10.019

.151 41.212 11.5S2 16.256

TEMP.BSASED RAYLEIGH NUMBER - E-6 IS: I.94

FLUX BASED RAYLEIGH NUMBER • E-6 IS: 1-6.68

AVERAGE TEMPERATURE: 51.231
SINK TEMPERATURE: 10.019

3 2.146 39.757 11.CBB 16.795
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 10.41

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 124.53
AVERAGE TEMPERATURE: 49.786

SINK TEMPERATURE: 10.019

4 2.165 37.422 12.807 17.975
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 9.67
FLUX BASED RAYLEIGH NUMBER ° E-6 IS: 122.57
AVERAGE TEMPERATURE: 47.441

SINK TEMPERATURE: Ie.019

5 2.212 41.43e 11.852 16.635
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 11.02

FLUX BASED RAYLEIH NUMBER * E-6 IS: 130.60
AVERAGE TEMPERATURE: 51.449
SINK TEMPERATURE: 10.019

6 2.198 39.311 12.394 17.397
TEMP.BASED RAYLEIGH NUMBER * E-B IS: 10.24
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 126.94
AVERAGE TEMPERATURE: 49.330

SINK TEMPERATURE: 10.019

7 2.132 36.728 12.844 18.028
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 9.33
FLUX BASED RAYLEIGH NUMBER * E-B IS: 119.82

AVERAGE TEMPERATURE; 46.747

SINK TEMPERATURE: 10.019

8 2.207 39.949 12.51 17.196
TEMP.BASED RAYLEIGH NUMBER ° E-6 IS: 10.47
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 128.31

AVERAGE TEMPERATURE: 49.968
SINK TEMPERATURE: 10.019

9 2.206 39.768 12.302 17.267

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 10.41

FLUX BASED RAYLEIGH NUMBER * E-B IS: 128.04

AVERAGE TEMPERATURE: 49.787
SINK TEMPERATURE: 10.019
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TABLE 35. REDUCED DATA FOR FC-75 AND 7 MM SPACING

THE RL Emf DATr ARE FRO' THE FILE Z8ECC3s
THE POWER SETTING PER CHIP WAS: 2.9 u

THE DISTANCE TO THE FRONT WALL WAS 7 MMLIDUID WAS FC-S

CHIP ONET(w) Tav -T5 Nul Nu2

1 2.769 46.198 13.345 18.730
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 12.87

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 171.74
AVERAGE TEMPERATURE: S6.244

SINK TEMPERATURE: 10.046

2.760 49.792 12.367 7.358
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 14.39
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 177.45
AvERAGE TEMPERATURE: 59.838

SIN,. TEMPERATURE: 10.046

2.754 47.SS 12.907 18.11S
IEMP.BASED RAYLEIGH NUMBER * E-6 IS: 13.42

FLUX BASED RAYLEIGH NUMBER * E-B IS: 173.17
AVERAGE TEMPERATURE: 57.556
SINt. TEMPERATURE: 10.046

2.780 44.626 13.895 19.447

TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: 12.25

FLUA PASED RAYLEIGH NUMBER * E-6 IS: 169.68
AVERAGE TEMPERATURE: 54.E72

SINK TEMPERATURE: 10.046

S 2.841 49.097 12.909 18.118

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 14.06
FLUX BASED RAYLEIBH NUMBER * E-6 IS: 181.45

AVERAGE TEMPERATURE: S9.143

SINK TEMPERATURE: 10.046

6 2.824 47.801 13.168 18.482
TEMP.GASED RAYLEIGH NUMBER * E-6 IS: 13.52

FLUX EASED RAYLEIGH NUMBER * E-6 IS: 178.02
AVERAGE TEMPERATURE: 57.847
SINK TEMPERATURE: 10.046

7 2.740 43.728 13.931 19.5S3
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 11.90
FLUX BASED RAYLEI6H NUMBER * E-6 IS: 165.74
AVERAGE TEMPERATURE: 53.774

SINK TEMPERATURE: 10.046

S 2.837 47.208 13.387 18.790
TEMP.BASED RAYLEIGH NUMBER - E-B IS: 13.28
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 177.74

AVERAGE TEMPERATURE: 57.254
SINK TEMPERATURE: 10.046

9 2.838 46.856 13.476 18.917
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 13.IS
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 177.24

AVERAGE TEMPERATURE: 56.942
SINK TEMPERATURE: 10.046
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TABLE 36. REDUCED DATA FOR FC-43 AND 42 MM SPACING

THE RAW Em' DATA ARE FROM THE FILE: 12JAN1630

THE POWEP SETTING PER CHIP WAS: e.34 W

THE DISTANCE TO THE FRONT WALL WAS 42 MM

ELECTRONIC LIQUID WA5 FC-43

CHIP ONET(W) Tavg-T5 Nul Nu2

1 .328 10.670 6.423 9.016

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .43
FLUX BASED RPYLEIGH NUMBER • E-6 IS: 2.74

AVERAGE TEMPERATURE: 20.575
SINK TEMPERATURE: 9.806

2 .3Z7 11.056 6.187 8.663

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: .45
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 2.76

AVERAGE TEMPERATURE: 20.962
SINK< TEMPERATURE: 9.906

.326 11.416 5.972 8.382

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .46

FLUX BASED RAYLEI6H NUMBER - E-6 IS: 7.78
AVERAGE TEMPERATURE: 21.722

SINK TEMPERATURE: 9.906

4 .329 10.629 6.475 9.088
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: .43

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 2.75

AVERAGE TEMPERATURE: 20.635
SINK TEMPERATURE: 9.906

5 .336 10.982 6.398 8.98

TEMP.BASEO RAYLEIGH NUMBER - E-6 IS: .44

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 2.83

AVERAGE TEMPERATURE: 20.886
5NK TEMPERATURE: 9.9eS

6 .33S 11.A04 6.135 E.611

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .46
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 2.85

AVERAGE TEMPERATURE: 21.310

SINK TEMPERATURE: 9.906

7 .324 18.438 6.497 9.1Ze

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: .42
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 2.70

AVERAGE TEMPERATURE: 20.343
SINK TEMPERATURE: 9.906

8 .336 11.041 6.368 8.937

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .45

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 2.84

AVERAGE TEMPERATURE: 20.946

SINK TEMPERATURE: 9.906

9 .335 11.395 6.163 8.636
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .46

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 2.85
AVERAGE TEMPERATURE: 21.300

SINK TEMPERATURE: 9.926
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TABLE 37. REDUCED DATA FOR FC-43 AND 42 MM SPACING

THE RAW E~f DATA ARE FROM THE FILE: I2JAN2045

THE POWER SETTING FE; CHIP WAS: 0.6 w
THE DISTANCE TO THE FROINT WALL WAS 42 MM

ELECTROt, Z LIQUID WAS FC-43

CHIP ONET(w) Tavc-T5 Nul Nu2

.70 17.EL3 9.1128 12.812

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .83

FLUX BASED' RAYLEIGm NUMBER * E-6 IS: 7.54

AVERAGE TEMPERATURE: 29.823
SINK TEMPERATURE: 10.190

2 .76 17.888 8.881 12.60S
TEMP.BASED RAYLE2Gt NUMBER * E-6 IS: .84

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 7.57

AVERAGE TEMPERATURE: 28.078

SINK TEMPERATURE: 10.190

.766 18.134 8.831 12.39S
TEMF.BASED RAYLEIGH NUMBER * E-8 IS: .86

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 7.58

AVERAGE TEMPERATURE: 28.324

SINK TEMPERATURE: 10.190

4 .773 IT.SS 9.211 12.929

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .82

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 7.57

AVERAGE TEMPERATURE: 77.745

SINK TEMPERATURE: 10.190

5 .790 17.946 9.201 12.914

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: .85

FLUX BASED RAYLEIH NUMBER - E-6 IS: 7.79

AVERAGE TEMPERATURE: 28.136
SINK TEMPERATURE: 0.190

6 .788 18.44e 8.911 12.57
TEMP.6ASED RAYLEIGH NUMBER - E-6 IS: .66

FLUX BASED RAYLEIGH NUMBER * E-B IS: 7.83

AVERAGE TEMPERATURE: 2..E36

SINK TEMPERATURE: 10.190

7 .762 17.617 8.049 1Z.701

TEMP.BASED RAYLE16H NUMBER * E-6 IS: .83

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 7.47

AVERAGE TEMPERATURE: 27.807
SINK TEMPERATURE; 10.190

8 .789 18.063 9.141 12.830
TEMP.BASED RAYLEIGH NUMBER • E-6 IS: .65

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 7.81

AVERAGE TEMPERATURE: 28.253

SINK TEMPERATURE: 1.190

9 .787 18.282 8.999 12.630

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .87

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 7.81

AVERAGE TEMPERATURE: 28.472

SINK TEMPERATURE: 1.ISO
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TABLE 38. REDUCED DATA FOR FC-43 AND 42 MM SPACING

THE RAW Emf DATA ARE FROM THE FILE: 13JAN0045
THE POWE- SETTING PER CHIP WAS: 1.W

THE DISTANCE TO THE FRONT WALL WAS 42 MM

ELECTRONIC LIOUID WrAS FC-43

CHIP ONETW) Tavc-Ts Nul Nu2

1 1.244 24,19Z 10.760 15.102

TEMP.BASEZ RAYLEIGH NUMBER * E-6 IS: 1.28

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 13.77

AVERAGE TEMPERATURE: 34.253
SIN , TEMPERATURE: 10.061

1.242 23.8s1 10.676 15.26S

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.26
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 13.67

AVERAGE TEMPERATURE: 33.951
SINK TEMPERATURE: 1.061

3 1.237 23.6S0 10.926 15.336
TEMP.BASED RAYLEIGH NUMBER o E-6 IS: 1.24

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 13.55

AVERAGE TEMPERATURE: 33.751
SINK: TEMPERATURE: 10.061

4 1.249 24.051 10.867 15.253
TEMP.BASEO RAYLEIGH NUMBER - E-6 IS: 1.27

FLUX BASED RAYLEIGH NUMBER - E-B IS: 13.79

AVERAGE TEMPERATURE: 34.112
SINK TEMPERATURE: )0.051

6 1.276 24.848 11.101 1S.580

TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: 1.27
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 14.08
AVERAGE TEMPERATURE: 34.109
SINK TEMPERATURE: 10.e6I

6 1.271 24.360 10.920 15.326
TEMF.BASED RAYLEIGH NUMBER * E-6 IS: 1.29

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 14.11
AVERAGE TEMPERATURE: 34.421
SINK TEMPERATURE: 18.06)

7 I.Z34 :4.114 10.704 15.e24
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.27

FLUX BASED RAYLEIGH NUMBER * E 6 IS: 13.63

AVERAGE TEMPERATURE: 34.175
SINK TEMPERATURE: 10.061

1.278 24.8g8 11.899 IS.S7B
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 1.27
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 14.12
AVERAGE TEMPERATURE: 34.160

SINK TEMPERATURE: 10.e61

9 1.276 23.930 11.154 15.656
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 1.26
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 14.05

AVERAGE TEMOERATURE: 33.990
SINK TEMPERATURE; 18.06)
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TABLE 39. REDUCED DATA FOR FC-43 AND 42 MM SPACING

THE RAW Emf DATP ARE FROM THE FILE: 13JANl52S

THE POWEP SETTING PER CHIP WAS: I., W
THE DISTANCE TO THE FRONT WALL WAS 42 MM

ELECTRONIC LIOUID WAS FC-43

CHIP ONET1W) Tavq-T5 Nul Nu2

1.647 29.363 11.744 16.483
TEMP.BASED RAYLEIGH NUMBER • E-G IS: 1.71
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 20.07

AVERAGE TEMPERATURE: 39.921

SINK TEMPERATURE: 10.158

2 1.644 2e.91 12.036 16.694

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.64

FLUX BASED RAYLEIGH NUMBER * E-E IS: 19.76

AVERAGE TEMPERATURE: 38.749
SINK TEMPERATURE: 10.152

3 1.677 2e.463 J2.040 16.899
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 1.63
FLUX BASED RAYLEIH NUMBER * E-6 IS: 19.64

AVERAGE TEMPERATURE: 36.621
SINK TEMPERATURE: 10.158

4 1.653 29.221 11.838 16.616
TEMP.BASED RAYLEIGH NUMBER 4 E-6 IS: 1.70
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 20.09

AVERAGE TEMPERATURE: 39,379
SINK TEMPERATURE: 10.158

S 1.689 29.288 12.070 16.941
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.70
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 20.S5

AVERAGE TEMPERATURE: 39.447

SINK TEMPERATURE: 10.158

6 1.681 29.023 12.121 17.013
TEMF.BASED RAYLEIGH NUMBER * E-6 IS: 1.68
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 20.36

AVERAGE TEMPERATURE: 39.182
SINK TEMPERATURE: l0.ISB

7 1.629 29.298 11.638 16.335
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.70
FLUX BASED RAYLEI6H NUMBER # E-6 IS: 19.82

AVERAGE TEMPERATURE: 39.457
SINK TEMPERATURE: 10.158

8 1.688 29.002 12.182 17.098
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.68
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 20.44

AVERAGE TEMPERATURE: 39.161
SINK TEMPERATURE: 10.1S8

9 1.682 28.693 12.290 17.249

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.6S
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 20.24

AVERAGE TEMPERATURE: 38.811
SINK TEMPERATURE: l1.158
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TABLE 40. REDUCED DATA FOR FC-43 AND 42 MM SPACING

THE RA. E~- DA'TA ARE FROM Tmi FILE: 13JAN202e
THE POU.Eq SET71N: -- cE; CHPW :.zs
THiE S'TANCE T-- THE~ FRONT WALL W 4, M
ELECTR2NIC'LIDUID W4,5 FC-43

CHIP DNET'W Tava-T5 Nul NuZ

1 2.171 35.295 12.879 18.077
TEMP.BPSED RAYLEIGHi NUMB8ER - E-6 IS: 2.117
FLUA BASEr RAYLEIGH NUMiEEP * E-6 IS: 25.2:
AVERAGE TEMPERATURE: 4S.443

SjNL TEMPERATURE; 10.146

2.168 34.130 1Z.291 16.654
TEMP.BGA.E RAYLEIGH NUMEER - E-6 IS: ,.i5
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 28.81
AVERAGE TEMFERArURE; 44..278
SINK: TEMPERATURE: 10.148

3 Z.156 33.840 13.353 16.742
TEMP.BASEDi RAYLEIGH NUMBER - E-6 IS: 2.12
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 258.36

AVERAGE TEMPERATURE: 43.98
SINK TEMPERATURE: 10.148

4 Z.179 35.72' 112.9S2 18.)?0
TEMP.BASED RAYLEIGH NUMBER * E-6 I5: 2.28
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 29.29
AVERAGE TEMPERATURE: 45.371
SINK TEMPERATURE: 10.148

5 2.727 34.581 13.483 18.S25s
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.20
FLUX BASED RAYLEIGH NUMBER * E-6 !S: 29.62,

AVERAGE TEMPERATURE: 44.729

SINK TEMPERATURE: 10.148

B 2.218 34.661 13.38S 18.76

TEMP.E!ASEO RAYLE16H NUMBER - E-6 IS: 2.21
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 29.51
AVERAGE TEMFERATURE: 44.809
SINK TEMPERATURE: 10.148

7 2.149 38.275 12.7S6 17.904
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.27
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 218.91
AVERAGE TEMPERATURE: 45.423
SINK TEMPERATURE: 10.146

a 2.28 34.6731 13.442 16.67
TEMF.SASED RAYLEIGH NUMBER - E-6 IS: 2.21

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 29.68
AVERAGE TEMPERATURE: 44.822
SINK TEMPERATURE: 10.148

9 1.120 34.369 13.516 18.970
TEMP.BASED RAYLEIGH NUMBER *E-S IS: 2.18
FLUX BASED RAYLEIGH NUMBER *E-E- I(.: 2S,44
AVERAGE TEMPERATURE: A4.S37
SINK rEMPERA7URE: 10.145
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TABLE 41. REDUCED DATA FOR FC-43 AND 42 MM SPACING

THE kmi E, DATA APE F;OM THE "ILE: 13JThN-40e
THE POwER SETTIN& FIE; OHIP WA'S: 2.5 w
THE Dl STANCE TO THE =RON4T WALL WAS 42 M!"
ELEOTRCI.IC LIOUID wAs PC-43

CHIP ONET(6 Tavo-T5 Nil NuC

1 2.776 41.5.36 13.866 19.462
TEM;.BASE[, RAYLEIGH NUMBER * E6 IS: 2.9E
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 41.34
AVEFRh3E TEMPERATURE: SI .921
SIN,. TEMPERtATURE: 9.9e5

2 2.759 40.725 14.421 2.4

TEM:.BASED RAYLEIGH NUMBER * E-6 IS: 2.78

FL~ BASED RAYLEIGH NUMBER * E-6 IS: 40.15
AJERAGE TEMPERATURE: SO.210
SI*r. TEMPERATURE: 9.985

3 2.759 39.794 ;4,5,'l 20.382
TEMP.BASED RAYTLEIGH NUJMSER * E-6 IS: .74
FLUX BASED RAYLEIIGH NUMBER - E-6 IS: 39.72
AVERAGE TEMPERATURE: 49.77S
SIN?. TEMPERATURE: 9.985

4 2.786 41.715 13.990 19.636
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 2.96
FLUX BASED RAYLEIGH NUMBER * E-6 15: 41.34
AVERAGE TEMPERATURE: 51 .700
SINK TEMPERATURE: 9.985

5 2.846 40.234 14.818 20.799
TEMP.8ASED RAYLEIGH NUMBER * E-6 IS: 2.78
FLUX BASED RAYLEI6H NUMBER - E-6 IS: 41.,7
AVERAGE TEMPERATURE: 50.219
SINK TEMPERATURE: 9.985

6 2.831 41.088 14.436 120.26Z
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 2.68
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 41.61
AVERAGE TEMPERATURE: G1 .073
SINK TEMPERATURE: 9.985

7 2.747 41.657 13.815 19.390
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 21.95
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 40.73
AVERAGE TEMPERATURE: S1.642
SINK TEMPERATURE: 9.985

B 2.844 40.817 14.597 20.48
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 2.85
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 41.62
AVERAGE TEMPERATURE: 50.802

SINW TEMPERATURE: 9.985

9 2.836 40.465 14.682 20.607
TEMP.BAtED RAYLEIGH NUMBER * E-6 IS: 2.81
FLUX BASED RAYLEIGH NUMER * E-6 IS: 41.27
AVERAG&E TEMPERATURE: 50.4S0
CINP TEMPERATURE: 9.985
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TABLE 42. REDUCED DATA FOR FC-43 AND 30 MM SPACING

THE RAw Eml DATA ARE PRO" THE FILE: lGJAN 1-o
THE POLER SETTINS PER CH:

P 
wAS: e.115

THE CISTANZE TO THE FRONT WALL WAS 30 MM

ELECTRONIC LIOUID wAS FC-43

CHIP QNET(w) Tavg-Ts Nul N6:

.113 E.807 3.461 4.8S7

TEMP.BASED RAYLEIGH NUMBER * E-B IS: .25
FLUX BASED RAYLEIGH NUMBER - E-E IS: .6E

AVERAGE TEMOERATURE: 1T1 0
SiNK TEMPERATURE: 10.15L

.113 7.ezz 3.350 4.7e2

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .2E

FLUX BASED RAYLEIGH NUMBER * E-6 IS: .BE
AVERAGE TEMPERATURE: 1?.217

SINK TEMPERATURE: IC.193

112 7.232 3.242 4.551

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: .27

FLUY BAEED RAYLEIGH NUMBER * E-6 IS: .86
AVERAGE TEMPERAuiRE: 17.425

SINK TEMPERATURE: 10.193

4 .113 6.762 3.497 4.908
TEMP.BASED RAYLEIGH NUMBER * E-6 15: .25

FLUX BASED RAYLE16 NUMBER * E-B IS: .86

AVERAGE TEMPERATURE: 16.9SS
SINK TEMPERATURE: 10.193

5 .116 6.97e 3.463 4.961

TEMP.BASED RAYLEIGH NUMBER - E-B IS: .26

FLUX BASED RAYLEIGH NUMBER * E-B IS: .90

AVERAGE TEMPERATURE: 17.163
SINK TEMPERATURE: 10.193

B .115 7.228 3.324 4.665

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .27

FLUX BASED RAYLEIGH NUMBER * E-6 IS: .90
AVERAGE TEMPERATURE: 17.421
SINK TEMPERATURE: 10.193

112 6.919 3.372 4.733

TEMP.BASED RAYLEIH NUMBER * E-6 IS: .26

FLUX BASED RAYLEIGH NUMBER * E-B IS: .67
AVERAGE TEMPERATURE: 17.112

LINK TEMPERATURE: 10.193

8 .116 7.104 3.404 4.777
TEMP.BASED RAYLEIGH NUMBER o E-6 IS: .27

FLUX BASED RAYLEIGH NUMBER * E-6 IS: .91
AVERAGE TEMPERATURE: 17.297

SII*' TEMFERATURE: 10.193

9 .115 7.299 3.303 4.635
TEMF.BASED RAYLEIGH NUMBER * E-B IS: .27

FLUX BASEO RAYLEIGH NUMBER * E-B IS: .91

AVERAGE TEMPERATURE: 17.492
SIN. TEMPERATURE: 10.193
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TABLE 43. REDUCED DATA FOR FC-43 AND 30 MM SPACING

T-E RM OC' 
A

'. FROM THE FILE; 14JANI800

THE cow SE-T. PEN CHIP wA:: 0 .34 W

THE DISTANTE Tc THE PRN
T 

WA WAS C MM

ELE TRONiC LIQ.ID JAG C-4

CHTP 0NET(W! TtvQ-T5 Nul Nu2

.3S 11.46 S.996 8.416

TEMP ,6 E , RA,..EIC
H  
NUMBER * E-6 IS: .47

FLULi BASE? RAYLEIGH NUMBER * E-6 IS: 2.79

AVERAGE TEMPEPATURE: 21.331

SINK TEMPERATURE: 9,88S

.32B 11,612 5.797 8.137

TEMF.BASED RAYLEIGH NUMBER • E-E IS: .48

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 2.81

AVERAGE TEMPERATURE: 21,698

SIN TEMPERATURE: 9,885

.326 12,181 5.601 7.861

TEM'.BASED RAYLEIGH NUMBEP * E-6 IS: .Se

FLUx BASE? RAYLEIGH NUMBER * E-6 IS: 2.82

Ak'ERAGE TEMPERATURE: 21.06;

SINS TEMPERATURE: 9.885

4 .310 11.421 6.037 6.474

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: .46

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 2.80

AVERAGE TEMPERATURE: 21.306

SiN TEMPERATURE: 9.885

.337 11.798 5.973 8.365

TEMP.BAEED RAYLEI6H NUMBER - E-6 IS: .48

FLUX BASED RAYLEINH NUMBER - E-6 15: 2.89

AVERAGE TEMPERATURE: 21.664

SINK TEMPERATURE: 9.885

6 .336 12.231 5.735 8.050

TEMP.BASED RAYLEIGH NUMBER # E-6 IS: .51

FLUX BASED RAYLEIGH NUMBER * E-B IS: 2.90

AVERAGE TEMPERATURE: 22.117

SINt TEMPERATURE: 9.885

7 .326 11.604 5.866 8.234

TEMP.BASED RAYLEIGH NUMBER • E-6 IS: .47
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 2.78

AVERAGE TEMPERATURE: 21.489

SINK TEMPERATURE: 9.885

8 .337 11.864 5.946 8.346

TEMP.BASED RAYLEIGH NUMBER # E-6 IS: .49

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 2.90

AVERAGE TEMPERATURE: 21.749

SINK TEMPERATURE: 9.885

9 .336 12.175 5.773 6.103

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: .50

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 2.91

AVERAGE TEMPERATURE: 22.061

SINK TEMPERATURE: 9.885
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TABLE 44. REDUCED DATA FOR FC-43 AND 30 MM SPACING

THE Ro E; DATA ARE PPOM THE ILE: I4JAr Z3e

TH aREP sETTING E;; CHIuP .8
ThE [.:S[MNCE TO THE WRONT 1,.L WIS 38 MM
ELE:TPCN:O LIOUII CN. Fr-43

CHIP ONET(w) Tevo-Tz Nul

.771 19.747 8.01 )12.072

TEMP.8hSED RAYLEIGM NUMBER * E-E IS: .89
FLUX BASED RAiLEIeH NuMBER - E-6 IS: 7.E

AvEA, 7 TEMEPFTuZE: 2e.60;

Sri, TEmER- LRE: 9.941

.7c9 18.eE5 81532 1,976

TEMP.BASE[, RAYLEIGH NUMBER - E-E IS: .*5

FLUX B 2EO RAYLEI&H NUMBER 
o 
E-6 IS: 7.6E

A''EPCGE TEMFERuTuRE: 28,.77
SIN, TEMPEPATLiRE: 9.941

3 .766 19,041 8.411 11.806

TEMP.B'EOD R0YLEi' NMHBER • E-6 IS: .91

FLUX BASE2' RAYLEIGH NUMBER - E-E IS: 7.64

AVERAGE TEMPERATURE: 28.962

SINK TEMFERATURE: 9.941

4 .773 18.563 8.702 12.214

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .A8

FLUX BASED RAYLEIGH NUMBER * E-5 IS: 7.65

AVE;AGE TEMPEPATuRE: 28.524

SiNK TEMPERATURE: 9.941

5 .79C 18.922 8.730 12.253

TEMP.BASED RAYLEIGH NUMBER • E-6 IS: .90

FLUX BASED RANLEI1H NUMBER - E-6 IS: 7.87

AVERAGE TEMFERATURE: 28.863
SINK TEMPERATURE: 9.941

6 .786 1Q.351 8.492 11.919

TEMF.BASED RAYLEIGH NUMBER * E-6 IS: .93

FLUX BASED RAYLEIGH NUMBER - E-S IS: 7.85

AVERAGE TEMPERATURE: 29.293
SINK TEMPERATURE: 9.941

7 .762 18.823 8.488 11.885

TEMP.EASED RAYLEI6H NUMBER - E-6 15: .89

FLUX BASED RAYLEIH NUMBER o E-6 IS: 7.57

AVERAGE TEMPERATURE: 28.764
SINK TEMPERATURE: 9.941

8 .790 19.003 8.696 12.205

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: .91

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 7.88

AVERAGE TEMPERATURE: 28.944

SINK TEMPERATURE: 9.941

9 .787 19.211 8.572 12.@32

TEMP.BASED RAYLEIGH NUMBER - E-6 I5: .92
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 7.89

AVERAGE TEMPERATURE: 29.152

SINK TEMPERATuRE: 9.941
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TABLE 45. REDUCED DATA FOR FC-43 AND 30 MM SPACING

THE RAW Emf DATA ARE FROM THE FILE: 15jAN0140

THE POWER SETTING PER CHIP WAS: 1.3 W
THE DISTANCE TO THE FRONT WALL WAS 30 MM
ELECTRONIC LIOUID WAS FC-43

CHIP QNET(W) Taeg-T5 Nul Nu2

1 1.240 25.912 10.e13 14.953

TEMP.BSEC RAYLEIEH NUMBER - E-6 IS: 1.40

FLUX BASED RAYLEIGH NUMBER • E-6 IS: 14.06

AVERAGE TEMPERATURE: 35.775
SINK TEMPERATURE: 9.863

2 1.236 25.479 10.153 14.251
TEMP.EASED RAYLEIGH NUMBER * E-6 IS: 1.37

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 13.91
AVERAGE TEMPERATURE: 35.342

SINK TEMPERATURE: 9.863

3 1.231 25.593 10.067 14.130
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.Z8

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 13.88

AVERAGE TEMPERATURE: 3E.4SS
SINK TEMPERATURE: 9.863

4 1.242 25.757 10.093 14,166

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 1.39
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 14.O6

AVERAGE TEMPERATURE: 35.620
SINK TEMPERATURE: 9.863

6 I.2E9 25.748 10.315 14.478

TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: 1.39

FLUX BASED RAYLEIGH NUMBER - E-6 IS: J4.35

AVERAGE TEMPERATURE: 35.611

SINK TEMPERATURE: 9.863

6 1.263 2S.847 10.226 14.3S3

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 1.40

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 14.30

AVERAGE TEMPERATURE: 35.710
SINK TEMPERATURE: 9.863

7 t.224 26.064 9.826 13.792
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.42
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 13.92
AVERAGE TEMPERATURE: 3S.927
SINK TEMPERATURE: 9.863

8 1.268 25.847 10.268 14 412
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.40

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 14.36

AVERAGE TEMPERATURE: 35.710
SINK TEMPERATURE: 9.863

9 .265 25.777 10.267 14.410

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.39

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 14.30
AVERAGE TEMPERATURE: 3S.639
SINK TEMPERATURE: 9.863
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TABLE 46. REDUCED DATA FOR FC-43 AND 30 MM SPACING

THE RAW Ermf D~tA APE FROM TH7 FILE: IS A%!Ele
THE POWE~ S-TIN- : C6 AS 7 W

THE D'STAN-E TO TH7 :RN WF UL WP. C~ M
ELECTRONIC LIQUIlD U FC-4Z

CHIP ON4E7( 11) Tavc-T5 Nul Nu2

1 .643 31.237 11.oi3 1S.4S9

TEMP.BASED RAYLEIGH NUMBER - E-B IS: I1s"7

FLUh EASED RAYLEIGH NUMBER - E-E IS: 20.64
AV~ERAGE TE Erc-A7URE: 4!1-747
SINK~ TEMPERATURE: 10.111

2 1.640 30.352 11.313 15.879

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 1.79

FLUX BASED R6YLEIGH NUMBER - E-E IS: 20.30

AV.ERACE TEMDERATURE: 40.4E2

SINK TEMPERmTURE: 10.111

3 1.634 30.346 11.274 I5.E24

TEMP.BASEO RAYLEIGH NUMBER - E-6 IS: 1.79

FLUX BASED RAYLETIGH INUMBER - E-6 IS: 20.22

AVERAGE TEMPERATURE: 40.457

SINK~ TEMPERATURE: 10.111

4 1.650 31.03e 11.134 15.6&7

TEMP.BASED RAYLEIGH NUMBER -E-6 IS: 1.86

FLUX BASED RAvLEIGH NUMBER * E-6 IS: 20.68

AVERAGE TEMPERATURE: 41.141
SINK~ TEMPERATURE: 10.111

5 1.6E7 30.786 11.4E9 16.097

TEMP.BASED RAYLEIGH N4UMEER # E-6 IS: 1.83

FLUX BASED RAYLEISH NUMBER - E-6 IS: 21 .03-
AVERAGC TEMPERATURE: 40.897

SINK< TEMPERATURE: 10.111

6 1.679 30.S58 11.498 16.139

TEMP.EASED RAYLEIGH NUMBER * B-B IS: 1.81

FLUX BASED RAYLEIGH NUMBER - E-B IS: 20.84

AVERAGE TEMPERATURE: 40.668

SINK TEMPERATURE: 10.111

7 1.628 31.065 10.958 15.395
TEMP.BASED RAYLEIGH NUMBER - E-B IS: 1.86

FLUX BASED RAYLEIGH NUMBER - B-B IS: 20.39

AVERAGE TEMPERATURE: 41.17S

SINK~ TEMPERATURE: 10.111

El 1.687 30.728 11.467 16.095
TEMP.BASED RAYLEIGH NUMBER - B-B IS: 1.63

FLUX EASED RAYLEIGH NUMBER * B-6 IS: 21.02

AVERAGE TEMPERATURE: 40.686
SINK TEMPERATURE: 10.111

9 1.68: 3e.617 11.501 16.142

TEMP.BASED RAYLEIGH NUMBER - E-B IS: 1.82
FLUX bA SED RAYLEIGH NUMBER - B-B IS: 20.91

AVERAGE TEMPERATURE: 40.727

SINV TEM ERATURE: 10.111
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TABLE 47. REDUCED DATA FOR FC-43 AND 30 MM FPA.' l "

THE RAw Emf DqAT ARE O' THE FILE: IZJAN S3

T-E POWER SETTING PER Ch7: WAS: 2.2s w

T-E C:ST NC E T TH.E FRT 'A.L WE 30 M'i

ELECTRONIC LICUIC WAS FC-43

Cr*IF QNET(L Tav6-Ts Nul N.Z

1 .1EE 37.634 i2.049 16,B10

TEM.B3ASED RAYLEIGH NU'M6ER * L-6 I5: 2.90

FLUX BEED RAYLEI G NIMEE; - E-S IS: 30. 0

AVERAGE TEMPERATURE: 47.604

SINK TEMPERATURE: 9.37e

2. 30 36.317 12.45a 17.469
TEMP.BASEO RAYLEIGH NUMBER - E-6 IS: 2.36

FLux EASED RAYLE'3H NUMEER * E-6 1S 29.40

AvERAGE TEMPERATURE: 46.2E7

SINK TEMPERATURE: 5.97C

3 2.1S3 3E.34S 12.404 17.410

TEM.BASED RAYLEIGH NUMBER * E-6 IS: 2.35

FLUX BASED RAYLEI&H NUMEER * E-6 iS: 29.31

AVERAGE TEMPERATURE: 46.31S
SINK TEMPERATURE: 9.970

4 2.174 37.49; 12.144 17.04S

TEMP.BASED RAYLEIGH NJMBER - E-6 IS: 2.48

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 30.1S

AVERAGE TEMPERATURE: 47.461

sI2N: TEMOEFA7UPE: . 970

S 2.221 3=.?48 12.655 17.763

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.40

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 30.43

AVERAGE TEMPERATURE: 46.717

SINK TEMPERATURE: 9.970

6 2.209 36.634 12,627 17.723

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.39

FLUX BASED RAYLEIGH NUrME - E-6 IS: 30.21
AVERAGE TEMPERATURE: 4S.604

SINK TEMPERATURE: 9.970

7 2.142 37.333 12.016 IF.865

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.47

FLUX BASF3 RAYLEIGH NUMBER * E-6 IS: 29.63

AVERAGE TEMPERATURE: 47.302
SINK TEMPERATURE: 9.970

B 2.219 36.993 12.561 17.631

TEMP.BASED RAYLEIGH NUMBER • E-E IS: 2.43
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 30.51

AVERAGE TEMPERATURE: 46.952

SINK TEMPERATURE: 9.970

9 2.211 3E.T23 12.611 17.700

TEMo.BASED RA'LEIGH NUMBER - E-6 IS: 2.40
FLUX BASED RAYLEIGH NUMEER - E-5 IS: 30.29

AVERAGE TEMPERATURE: 46.693
SINK TEMPERATURE: 9.970
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TABLE 48. REDUCED DATA FOR FC-43 AND 30 MM SPACING

THE RAW Et-f DA-TA ARE FROM THE FILE: '5JAN2300,
THE POWER SETTING PR CHIP WAS 2. w

THE CISTANCE TO THE FCNT WALL WPA C M':!

ELECTRONIC LlICUID WP.c FZ 42

CHIP ONE T ( W Tavg-T5 Nul N.

I 2.770 4-.97-5 13,.203 1E.E39
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 3.23

FLUX BA SED RAYLEIGH NUMBER * E-6 IS: 42'.63
AVERAGE TEMPERATURE: 53.973
SINK, TEMPERATURE: 10.034

2 2.76-- 42.3S33 13.E8 13.185
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 3.04
FLUX BAzSED RAYLEIGH NUMBER * E-6 IS: 41 .49

AVERAGE TEMPERfTURE: EZ2.-33
SINK TEMPERATURE: 10.034

3 2.7=53 42.274 13.646 19.1s.
TEmP.EASED RAYLEIGH NUMBER - B-E IS: 3.03
FLUX BASED RAYLEIGH NUMBER - E--6 IS: 41.29
AVERAGE TEMPERATURE: K2.307
SINK TEMPERATURE: 10.03 4

4 2.781 43.700 13.3.34 16.715
TEMP.BASED RAYLEIGH NUMBER * E-E IS: 3.20
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 42.64
AVERAGE TEMPERPTL:.E: SZ.7Z3
SINK TEMPERATURE: 10.034

S 2.841 42.74E 13.927 19.546
TEMP.BASED RAYLEIGH NUMBER - E-E IS: 3.08
FLUX BASED) RAYLEIGH NUMBER * E-6 IS: 42Z.93
AVERAGE TEMPERATURE: S".760
SINK TEMPERATURE: IC.034

6 2BB 4Z.465 13.951 19.561
TEMP.BASED RAYLEIGH N~UMBER - E-6 IS: 3.05
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 42-.53
AVERA6E TEMIPERATURE: 52.499
SINK TEMPERATURE: IC.034

7 2.743 43.800 13.124 16.421
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 3.21
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 42.13
AVERAGE TEMPERATURE: S-33
SINe TEMPERATURE: 10.034

B 2.841 42.987 13.846 19.433
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 3.11
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 43.07
AVERAGE TEMPERATURE: 53.021
SINK: TEMPERATURE: 10.034

9 2.832 42.86S 13.63S is.419
TEMPE8ASED RAYLEIGH NUMBER * E-6 IS: 3.10
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 4Z.88
AVERAGE TEMPERATURE: 52.922
SINK TEMPERATURE: 10.034
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TABLE 49. REDUCED DATA FOR FC-43 AND 18 MM SPACING

1 iE RA - E-mf CrT 7F P.E FF 2D' THE F ILE : I" !Ar sc

THE PD'EF S -' eEF. CHIP LiS: 0. !15
THE D:STA%.E TC, TH- FRO%- WLL wP; 16 MM
ELEZTF-3%IC wIUI AE C4

CHIP ONETL Tavg-T5 Nul NU2

. 1I 7.632 3.8B 4.331

TEMD.BASED RAYLEIGH NUMBER * E-6 IS: .29

FLUX EAEEZ RAYLEIGH NUMER E E-E IS: .88

AUERAGE TEMcEFATURE: 17.ESS

SIN TEMPERATURE: 9.91S

.i13 7.814 3.616 4.225

TEMP.BASEC RAYLEIGH NUMBER * E-6 IS: .29

FLUX BASED RAYLEIGH NUMBER - E-6 IS: .89

AUERAGE TEM ERATuRE: 17.7T3
SiNK TEMPER ,TURE: 9.S19

.112 7.927 2.986 4.149

TEMr.BASEC RAYLEIGH NUMBER * E-6 IS: .30

FLUX BASED RAYLEIGH NUMBER * E-E : .88

AVERAGE TEMPERATURE: 17.846

SINK TEMPERATURE: 9.919

4 .113 7.SS 3.131 4.39s

TEMP.BASED RAYLEIGH NUMBER * E-E IS: .28

FLUX BASED RAYLEIGH NUMBER * E-6 IS: .Es

AUERAGE TEMPERA7UFE: 17.477

SINK TEMFEZATURE: 9.919

s .116 7.757 3.116 -.374

TEMP.BASED RAYLEIGH NUMBER * E-8 IS: .29

FLUX BASED RAYLEIGH NUMEER - E-6 IS: .91

AVERASE TEMPERATURE: 17.676

SINK TEMPERATURE: 2.919

S .115 7.9802 3.046 4.276

TEMP.BASED RAYLEIGH NUMEER - E-6 IS: .3C

FLUX BPSED RAYLEIGH NUMBER * E-6 IS: .91

AVERAGE TEMPERATURE: 17.E22

SINK TEMPERATURE: 9.919

.112 7.161 3.2S3 4.583

TEMF.BASED RAYLEIGH NUMBER * E-6 IS: .27

FLUX BASED RAYLEIGH NUMBER * E-6 IS: .88

AVERAGE TEMPERATURE: 17.071

SINW TEMPERATURE: 9.919

a .11 7.932 3.04S 4.274

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .38
FLUY BASED RAYLEIGH NUMBER , E-E IS: .91

AVERAGE TEMPERATURE: 17.651
SINk TEMPERATURE: 9.919

9 .115 7.997 3.810 4.225

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .3e

FLUX BASED RAYLEIGH NUMBER * E-E IS: .91

AVEPAGE TEMPERATURE: 17.917
SN. TEMPERPATLE: 9.919
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TABLE 50. REDUCED DATA FOR FC-43 AND 18 MM SPACING

THE RAL Emf DATA ARE FROM THE FILE: 17JAN1750

THE VOUE; SETTING PER :HIP WAS: .31 w

TrE r:qTANCE TO THE PRONT WALL wA= 16 MM
ELEZ7;0N;I: Ll~jl0 WLAS ;g--43-

CHIP DNET(W) T&Q-Ts N.I N.Z

.-2 IZ.E94 E.4C3 7.594

TEMP.BASED RAYLEIGH NUMEER * E-6 IS: S3

FLUX BAED RAYLEIGH NUMBER * E-6 IS: 2.86

AVERAGE TEMPERATURE: 22.700

SIN TEMPERATURE: I0.00

2 13. 5 5.261 7.3aE

TEM9.EASED RAtLEIGH NuMEER - E-6 iS: .55

FLUX BASED RAYLEIGH NUMBER * E-E IS: 2.S9

AVERAGE TEM;ERATURE: 23.12
SINK TEMPERATURE: 10.008

.326 13.359 5.ICS 7.166

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .57

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 2.81
AVERAGE TEMPERATURE: 23.366

SIN, TEMPERATURE: I18.88

4 .33 12.615 5.463 7.667

TEMP.BASED RAYLEIGH NUMEER - E-6 IS: .53

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 2.6

AVERAGE TEMPERATURE: 22.6"3

SiNK TEMPERATURE: I1,05

5 .337 1:.965 5.418 7.6B
TEMP.BASED RAYLEIGH NUMBER - E-S IS: .ss

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 2.57

AVERAGE TEMPERATURE: :2.992
SINK TEMPERATURE: 10.006

6 .335 13.401 5.225 7.334

TEMP.BASED RAYLEIGH NUMBER * E-B IS: .57

FLUX BASED RAYLEIGH NUMBER - E-B IS: 2.9

AVEZAGE TEMPERATURE: 23.408

SI?- TEMPERATURE: IC.006

7 .325 12.613 5.3e3 7.556

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .E3

FLUX BASED RAYLEIGH NUMBER * E-6 IS: Z.8s

AVERAGE TEMPERATURE: 22.619

SINK TEMPERATURE: 10.006

S .336 13.033 5.3 56 7.574

TEM=.BASED RAYLEIGH NUMBER * E-B IS: .55

FLUX BASED RPYLEIGH NUMBER * E-6 IS: 2.98

AVERAGE TEMPERATURE: 23.040

SINN TEMPERATURE: 10.006

.335 13.245 5.292 7.428

TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: .56

FLUX BASED RAYLEIGH NUMBER * E-E IS: 2.98

AVERAGE TEMPERATURE: 23.251
SINK TEMPERATURE: 10.006
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TABLE 51. REDUCED DATA FOR FC-43 AND 18 MM SPACING

TH7 RA, ',.f D A A;:- FrO" 7 4 :LF: 1J~2
THE O~E 2-E771t4 E: ::r j' C.

T.C CtTPANCE TOUI ThElf.

CH IF C)- ag 7 N4.. L

.724 2 1~ . -- .E .ie

TEM--.6A5EC FAYLEIGH NJME;' - E-E 1z: 1C
FLU> BFSED R L E 6P lh0'ME=R - 2-E IS: 7.9SE
AV.E;AGE TMET2:31 . :G
S.N TEM1PERA~TURE:92

- 7 - -= 7.4z: 1C.4174

TE MP .6 ; -::-' R "Y L -' G, N r,6ER E 2-6 1 S: 1.C6
FLIJI F3-;ED PA'LEIGH TJi6P*E-6 IS: 7.95

FU',2TEM.7ERA TL,:E: -71 Z48
SI~TEM-,;7FATL-:E: 9.S72

- 7EC 1-.5Tl 7.7376 10.3-C3
TE- .E;.EE E:EH I4UIEEP E-E IS: I . 0::

F~U 2EERPYLE:GH NUMEEC E -6 IS: 7.94

-. N. TEM=EFXTiUFE: 9.672

4 .-E-1 122 7.C559 6 c S
TEMP. .EED LEI3 U6E E -E 17 IC
FLUX 450 RAYLEIGH 11U1SEF IS56 : 7.S

SIN . TEIIFE6R4TU:E: .7

s .723 Z1.4:0 7.64S 1C.7Z0
TEMP.BASED PAYLE-ICH NUME166 - E-6 IS:
FLUX 6APEEC RAYLEIGH NUMFEP - E-6 IS: E.16
AVE;AGE TEMP=EFATUR7E: 31 .:S:
SINK. TEMPER.4TUF.2: .T

6 .779 :1.670o 7.51S 12.EE9:
TE'!=.6AS6-D RAYLz6I-H NUN6F' - E-E S 1:
FLUJX 6 ,SED PAYLE I& NEH I!5;-7; E -E IS: , .12
AyJERFi-SE TEM;ERATURE: 31.5
SIN,, TEIIPEPATUF;E: 9.:

.'ss 21.211 7.444 10.442
TE11F.a4sE[) RAYLEIGH NU'MBER - E-6 IS: I. oz
FLUX EASED RAYLEIGH NUI166R * E-6 IS: 7.S4

AVERhGE TE11RER.TURE : 3 1 . e--
SINK; TEMDERATURE: S.E71

TEMC.8E45EOL RAYLEI8C4 NUMBERi - E-E IS: 1.28
FLUX GASED RAYLEIGO NUME * E-S IS: 81
AV'ERAGE TEmF,RRATLIR: 51 .4317
SIN'- TEMPERZATUFE: 9.F72

.773 -1.7:7 7.S05 1292
TE m:!. ESE RAILEICH NUMIEEF * E-6 :S:
F LU. 6E D R AL-, N U'LE 1;- - - S: 7
AVSRAG5E TEMRERFTIIrE. 21 955S
SIN6 TEM"ERATuR-= S.-
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TABLE 52. REDUCED DATA FOR FC-43 AND 18 MM SPACING

THE RAW Emf DATA ARE FROM THE FILE: 16DEC2e:5

THE PO SETTIN, PER CHIP WAS: I

THE & 7-ANC 7D 2H2 FFONT WAL WAS 16 rM

ELECTR3.I L.I.-I , AS FC-43

C-IP tNET(U) TavZ-Ts Nul Nu2

1.23S 26.569 9.62 12.719
TEMP.BASE2 RAYLEIGHA NUMBEP - E-6 IS: ).E3

FLU. BASED RAILEIGH NUMBER * E-6 IS: 14.77

AV'EGE TEMPERATuqE: 38.S38
SINK TEMPERATURE: S.549

.3 26.360 9.108 12.764

TEMP. ESED RAYLEIGH NUMBER - E-E IS: 1,61

FLU EASD RAYLEIGH NUMBER - E-6 IS: 14.67

A'E ASE TEMPERATURE: 38.308

SINt. TEMPERATURE: 9.S49

3 .23 2 :8.522 9.033 12.665

TEMP.EASED RAYLEIGH NUMBER - E-S IS: I,E2

FLUX BSE C RAYLEIGH NUMBER - E-6 IS: 14.-5
AVERAGE TEMPERATURE: 38.471

SIf4. TEMPERATURE: 8.949

4 1.42 25.51 5.1I7 i..75G

TEhz.BASEz RAYLEI6H NUMBER * E-E IS: 1.E6

FLUX eASED RAYLEIGH NUMBER - E-6 IS: 14.80

AVERAGE TEMPERATURE: 38.458

SINK TEMPERATURE: S.942

s 1.269 26.524 8.309 13.06E

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.62

FLUX EASED RAYLEIGH NUMBER ° E-6 IS: 15.12

AVEPAGE TEMPERATURE: 36.4T2
SINK TEMPERATURE: 9.94e

6 1.23 28.60 9.236 12.964

TEM:.BASED RAYLE;GH NjMBER * E-6 IS: 1.63

FLUX BASED RAYLE2BH NUMBE; - E-6 IS: 15.c5

AVERAGE TEMPERATURE: 36.568

SINt, TEMPERATURE: E.894

7 .2Z5 28.662 8.949 12.S6o
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.54

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 14.E4

AVERAGE TEMPERATURE: 38.610

SINK TEMPERATURE: S.S49

8 I.Z70 28.618 9.265 13.03"
TEMP.EASED RAYLEIGH NUMBER * E-6 IS: I.63
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 11.16
AVERAGE TEMPERATURE: 39,567

SINK; TEMPERATURE: 9.949

9 1266 28.494 9.29E 13.051
TEMP.BASED RAYLEIGH NUMBER * E-6 !S: I.E:

FLUX BASED RAYLEIGH NUMBER * E-E IS: 115.0

AVERAGE TEMPERATURE: 3S.443

SINr, TEMcERATURE: 9.94S
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TABLE 53. REDUCED DATA FOR FC-43 AND 18 MM SPACING

THE RAW Emf DATA AR7 rPO* THE FILE: 18JANIBC
THE DOWEP SETTIf. PE CH; WLS: I .7 w

7"E D STAf1 E TC T"7 PRONT W L WA' 18 Mm

ELECTRODIU LICU:: w'S FC-42

CHIP ONET ( W Tavg-T 5 l N,.2

1.646 34.2Z4 1.131 4.219
TEMP.BASE RAYLEIGH NUMEER * E-5 IS: 2.3
FLUX BASED RAYLEIGH NL'MEEP * E-E IS: 21.S3

P ERAGE TEMPERATURE: 43.542
SIN TEMPERATURE: 9.SIS

1.642 33.375 10.303 14.461
TEMF.BASED RAYLEIGH NUMEER * E-6 IS: 2.06
FLU> EASED RAT'-El&H NUMEER - E-6 IS: -1.2s

AVER'SE TEMPERn'TURE: 42.293
SINt. TEMPERATURE: 9.919

1.636 33.375 1O.2Eo 14.401
TEMP.EASED RAYLEIGH NUMEEP E-6 IS: 2.cE
FLU'., EASED RAYLEIGH NUMEER * E-6 IS: :1.1?
AVERAGE TEM ERATUPE: 4',29T

SINK. TEMPERATURE: 9.919

4 1.8EE 3.925 1C. 7 14.2
TEMP.8AEED RAYLEIGH NUMEER * E-6 IS: 2.12
FLUX BASED RAYLEIGH NUMEER • E-6 IS: 21.56

AVERAGE TEMiPERATURE: 43.24S
SINk TE E=!U;E: 9.99;

1.68 33.709 le.434 14.71S
TEMP.SASED RAYLEIGH NUMEER * E-6 IS: 2,10
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 21.9S

AVERAGE TEMPERATURE: 43.628
SINK TEMFERATURE: 9.919

6 1.67 33.670 10.-76 14.563
TEMP.ASED RAYLEIGH NUMEER * E-S IS: 2.11

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 21.91
AVERAGE TEMPERATURE: 43.797
SINK TEMPERATURE: 9.919

7 1.628 33.691 1 .117 14.210
TEMP.BASE, RAYLEIGH NUMBER * E-8 IS: 2.19
FLUX BASED RAYLEIGH NUMBER * E-8 IS: 21.18
AVERAGE TEMPERATURE: 43.610
SINK TEMPERATURE: 9.919

S 1.687 33.729 18.473 14.700
TEMP.BASED RAYLEIGH NUMBE; * E-S IS: 2.10
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 21.96
AVERAGE TEMPERATURE: 43.648

SINK TEMPERATURE: 5.919

9 1.63 33.645 IC.473 14.699
TEMFP ASED RAYLEIGH NUMEE; * E-6 IS: 2.e3
FLUX EASED RAYLEIG NUM6E; * E-6 IS: 21.8
AVERAGE TEMPERATURE: 43.SE3
SINk TEMPERATURE: S.S:9
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TABLE 54. REDUCED DATA FOR FC-43 AND 18 MM SPACING

THE RAw E'f OAT APE FROM THE FILE: l8JANZ240

THE FOWER SETTINZ PEF CHIF : 2.:5 C

THE DCITAN:E TO THE FRONT 1,L WAS !' M1

ELEZTROr.IS .0UID A

CHIP Q,-.ET( W) Ta,;-T5 No I N-Z

2.1E3 42.S21 11.072 15.541

TEMP,5ASEO RAYLEIGH NUMBER * E-6 IS: 2.56

FLUX BASED RAYLEIGH NUMBER - E-6 IS: 31.70

AVERAGE TEMPERATURE: 50.9e6

SINK TEMPERATURE: 9,585

2.1EB 40.569 ! 235 15.638

TEMP.eASED RAYLEIGH NUMBER * E-6 !S: :.3

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 31.46

AVERAGE TEMPERATURE: Se.574
SINKr. TEMPERATURE: 9.9S5

.149 40.875 11.014 15.459

TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 2.BE

FLUX EASED RAYLEIGH NUMBER - E-B IS: 31.45

AVERAGE TEMPERATURE: 58.BEC

SINK TEMPERATURE: 9.985

4 2.171 40.771 11.1S3 IS.E54

TEMP.BASED RAYLEIGH NUMBER - E-6 1S: Z.es

FLUX BASED RAYLEIGH NUMBER - E-6 IS: I: 74

AVERAGE TEMPERATURE: SC.7SS
STIK TEMPERATURE: 9.965

S 2.217 40.-81 1I.7EZ 15.948
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 2.8B
FLUX BASED RAYLEIGH NUMBER • E-6 IS: 32.48

AVERAGE TEMPERATURE: 50.656
SINK TEMPERATURE: 9.925

6 2.2e5 41.1E3 1I.223 IS.752

TEMP.5BSED RAYLEIGH NUMBER - E-6 IS: 2.89

FLUX BASED RAYLEIGH NUMBER * E-6 IS: K.45

AVERAGE TEMPERATURE: 51.149

SINK TEMPERATURE: 9.9E

7 ?.139 40.6EB 11.019 tS.466

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.8

FLUX BASED RAYLEIGH NUMBER • E-6 IS: 31.23

AVERAGE TEMPERATURE: 50.653

SINK TEMPERATURE: 9.985

8 2.216 4e.968 11.335 15.909

TEMP.BASED RAYLEI6H NUMBER 0 E-6 IS: 2.87

FLUX BASED RAYLEIGH NUMBER • E-6 IS: 32.50

AVERAGE TEMPERATURE: 50.946

SINK TEMPERATURE: 9.985

9 2.209 41.152 11.247 15.726

TEMP.BASE0 RAYLEI6H NUMBEP * E-6 IS: Z.89

FLUX BASED RAYLEI6H NUMBEF - E-6 IS: 32.56
AVERAGE TEMPERATURE: 51.137

SINK TEMPERATURE: S.925
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TABLE 55. REDUCED DATA FOR FC-43 AND 18 MM SPACING

THE RAW. E-f DATA ARE FROM THE FILE: Zi2wNe:S
TMC- PO3.-E- 55-7113 ;P Cu A5 .9 W

T,: jIST7A:CE TC THE FPCNT .AL.. WAS 2 M-1

EETPD:C LIO>::C .A57 F-42

CHIP DN jE Tit W) Tavg-ls N..j N2

2.74c5 47.7E2 12-64c 16.9266
TEMPF.EASEDj RAYLEINr' NUMBER *E-E IS: E.69
FLUX EASzED RAYLEIGH fJUMeERP E -6 IS: 44.4B

P.UERa3cE TEMFE-PATPE: S57.529
SINI: TE'IPEPiTuP.E: e.765

~733 47.43 12163 .989C

TEMc.BASEC PAYLEIGH' NUMBER - E-E IS: 3.E4
FLUX 6ASED RAYLEIEi NUMBER - 8-6 IS: 44.1
?YJEFACE TEM1PERATUPE : 57 Eo-

51:TEMrERATUF E: 9.765

z .- c 46.C73 12- 16.E9.
TEmP.EASED RAYLEI6r NU'J!EEP' - 6-6 IS:
F LUX BAS =ED[ RAILE:GH rlUMtEER * E-E IS: 44.2

YEASTEMPERATJRE: S7.639S

SIf~i TEMPFERfTURt: 9,.765

4 2.75S 47.E12 12.13i 17.02E
TEMP.EASECS RAYLEIGH' NUYIEER * 6-6 1S: 3-.67

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 44.52
AEAETEMPERA TURE: 57.378

SitTEMPERATURE: 9.765

S 2.616 47.963 12.3104 17.276
TEMP.BASEr, RAYLEIGH NUMEER - E-6 IS: 2.-
FLUX EASED RAYLEIGH NUMBER - E-6 IS: 45.7Z
AVERA GE TEMPERATURE: 57. 726

SINK TEMPERATURE: S.766

E 2".80? 48.04! 12.1118 171.149
TEMP.EASED RAYLEIGH IJUMEEr - 6-6 1S: '-7

FLUX EAiSED RAYLEIGH NUMBER - E-6 IS: 4S.54
AVERAGE TEMPERA TURE: 57.8C7

SIN4K TEMPERATURE: 9.768

7 2'.716 47.165 12.e63 1E.940
TEMP.8ASED RAYLEIGH NUMEER E -6 IS: 3.61
FLUX BASED RAYLEIGH IUMEER * -6 IS: 43.86

* AVERAGE TEMPERATURE: 56.93'

SINK TEMPERATURE: 9.76

8 2".812 48.e10 12.281 17..3S
TEMF.EASSD RAYLEIGH NUMEER - E-6 IS: 3.71
FLUX BASED RAYLEISH NUMBER * 6-6 IS: 45E.72
AVERAGE TEMPERAITURE: 87.775
SINk, TEMPERATURE: 9.766

9 2-.806 4E.231 12 147.11S
T61'..EASEC RA hEI&H PJUMEER - 6-6 IS: 7.,
FLUX EASEED RA YLEIGH IJMEER - 6-6 15: 48.78

A'VEFPSE TEMRERh.TPE: 57.985.
SIn.lj TEMPERATUR:E: 9.766
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TABLE 56. REDUCED DATA FOR FC-43 AND 11 MM SPACING

THE RAW Em' Q
T
A ARE ::DM THE FILE: :ZJANIS20

THE POWER 5ETIN PEP CHIP : C.lS w

THE IIS TfNCE T 7HE F F' __ W;S ii M

ELETRCNIC LIQUID WS-

CHIP ONET . Tem -T5 Nul I

.113 6.3;-: :.E3 3.53

TEMP.B6SEC RAYLEIGH N'JMEEP * E-6 IS: .2

;LLIX EASED PAYLEIGH 'JMEEP E-65: .9c

A'lEPAGE TEMPERATURE: i8.33C

SINo TEMPERATURE: i.965

.l13 9.54Z ..756 3.eE;

TEMP.EASED RAYLEIGH NUMBER * E-6 15:

FLUX E4SED RAYLEIGH NUMEEP - E-E IS: .90

AYEFA E T-EMPEATURE: 12.Sle
SIN TEMFEFfTjR;E: 5.96e

.11: E.35= _.Ea9 2.94:

TEMP.BASED PA LEIGH -UE 
o 
E-6 IS: .2

FLUX PASED PAMLEIGN NUMBER - E-6 IS: .;e

AVEPAGE TEMPERATURE: 1,233

SINK TEMPERATURE: 9.9SS

4 .113 8.265 2.EGI 4.016

TEMF.A5SED RAYLEIGH NUMBEF * E-6 IS:

FLUX EASED RAYLEIGH NUMBER E 6-6 IS: .9c

AVERAGE TEMDE4F.TURE: I1.253

SINK TEMPER,TUFE: 9.95

S .116 E.445 .663 4.el

TEMP.BASED RAYLEIGH NUMBER * E-6 IS: .3:

FLUX EASED RAYLEIGH NUMBER * E-5 IS: .52

AVERAGE TEMPERATURE: 1E.413

SINN TEMPEPATURE: E.A5e

6 .;15 6.64E 2.784 3.9TA

TEMP.BEASED F.AiLEIGH NUMBER * E-6 IS:

FLUX BASED RAYLEIGH NUMEER • E-6 IS: .S

AVERAGE TEM;ERATURE: 16.61S

SIN1 TEMPERATURE: ?.EGE

7 .112 E.Ze: 2.846 3.998

TEMF.BASED RAYLEIGH NUMBE - E-6 IS: .31

FLUX BASED RAYLEIGH NUMBER - E-6 IS: .F9

AVERAGE TEMCERATURE: 1E.170

SINK TEMFERATURE: 9.958

a .116 6.619 :.ll 3.94E
TEMP.BASED RAYLEIGH NUMEER - E-E IS: .3

FLUX BASED RAhLEIGH NUMBER * E-6 IS: .93

AVERAGE TEMPERATURE: 16.567

SINN TEMPERATURE: 9.966

9 .116 T.39 2.865 4.O22

TEMP.BASED RAYLEIGH NUMBEF - E-S IS:
FLUX BASED RAYLEIGH NuMEEF ° E-6 IS: .s2

AVERAGE TEMDEA RTUE: 12.407

SI*1 TEMPERATUrE: 9.5S6
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TABLE 57. REDUCED DATA FOR FC-43 AND 11 MM SPACING

THE PALI E, -,T AR.= PC0 7HB P: 3:-:
THE E T CHT .

T - D 1 7 1-T 7 H E ; Z, NT W'L L k- I

ELETTR0N1 LIQUID WA F-47

CHIF [NT. Tavg-TE hul u

14 :.Ss: 5.004 7.C24
TEMR.EASED RAVLEIGH NUMBER - E-B IS: .Se
FLU' B5 R

4
YLEIGi NU JMBER • B-B IS: .EE

AVERAGE TEEFERATJPB: 33.4 @

SIN~ TEPFEPA TRE: 9.54:

S .34 13.779 4.909 6.899
TEMF.GASE> RAYLEIGH NUMBER * E-B !S: .s9
FLU,' 6'E RALEIGH NUMBER" E-6 IS: >.23

AVERAHE TEMPERATUFE: 33.627
SINK TEMPERATURE: 9.04c

.3:: 14.3:7 4.735 6.645

TEPF.EASED PAYLEIGn NUMBER * E-B IS: .61
FLPU BASEE RAYLEIGH NUMBER * E-B IS: .0
AVE=AGE TEFEAPT'R : L 4.074
SINm TEMFER'TURE: 9.64S

4 .3:5 13.599 5.002 7.O,
TEMR.BASEC RAYLEIGH NUMBER * E-6 IS: .SE
FUX EAED RAYLEIGH NUMBER * E-B IS: 2E9
AURAGE TE---E:TURE: 23.447
Slt51 TEmRERAuRE : 9.645

5 .T3 '3.899 4.996 .013
TEMP.BASED RAYLEIGH NUMBEF * E-6 IS: .60
FLUX EBASED RAYLEIGH NUMBER * E-B Ii: Z.97

AVERAGE TEMPERATURE: 23.747
SINK TEMPERATURE: 9.84S

B .3 7 4.95 4.237 6.769
TEMC.2ASED RAYLEIGH NUMBER * E-B IS: .62
FLUX BASED RAYLEIGH NUMBER * E-B IS: Z.96
AVERAGE TEMPERATURE: 24.133
SINK TEMPERATURE: 9.648

7 .3 13.331 5.021 7.049
TEMR.6ASED RAYLEIGH NUMBER * E-6 IS: .56

FLUX EASED RAYLEIGH NUMBER * E-6 IS: 3.63
AVERAGE TEMPERATURE: 23.179
SINK TEMPERATURE: 9.846

* .332 13.930 4.9e7 7.000

TEMP.BASED RAYLEIGH NUMBER * E-B IS: .60
FLUX BASED RAYLEIGH NUMBER * E-B IS: 2.97
AVERAGE TEMPERATURE: 23.768
SINK TEMPERATURE: 9.848

9 .331 14.248 4.857 6.817
TEMP.BASED RAYLEIGH NUMBEF * E-S IS: .61
FLUX BASED RAYLEIGH NUMBER * E-B IS: 3.96
AVERPAGE TEMPERATURE: 24.09E
SINK TEMPERATURE: 9.84E
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TABLE 58. REDUCED DATA FOR FC-43 AND 11 MM SPACING

THE RA, Em' OATA AE FPOM THE FILE: 23JA':20
THE POWE; SETTING QEP CHIP WS: 0.9 s
THE DISTAN:E TO THE PPONT WALL WAS I M
ELECTRONIC LIQUID WAS FC-43

CHIP QNETW' TavQ-Ts N.l Nu2

1 .764 11.796 7.32 e.02S
TEMP.EAED RAYLEIGH NUMEEQ E-6 IS: I.lA
FLUX BASED RAYLEIGH NUMEER - E-E IS: 9.05
AVERAC-E TEMPERATURE: 31.554
2N' TEMPERATUE: C.95S

.?E: Z:.S07 7.08e. S.S38

TEMF.BAED. RALEIGh NUM5ER - E-E IS: 1.1s
FLUX EASED RAYLEIGH NUMBER - E-6 IS: 8.i7
AVEgi-3E TE:FEFpTLUPE: 2.595
SINK TEMPERATUPE: le.058

3 .7=- .9 6.90e 5.9S4
TEMP.S4SED RAYLEIGH NUMEER - E-E !S: 1.19
FLU, RASE, RiYLEIGH NUMEE; * E-6 IS: F.2C,
AJEra-GE TEMFEFATUF.E: 33.49
SIN TEMPEFATURE: 16.05E

4 .75S 21.7E6 7.344 le.3e7
T..E. ASE: RAYLEISH NUMEEF * E-E !S: 1.19
FLUX BASEO RAYLEIGH NUMBEF * E-6 IS: E.OS
AVERAGE TEMDEFATLIFE: 31.846

SINt. TEMPprATURE: 10.0S9

S .78i 2Z.300 7.326 10.2E6
TEMP.BASED RA LEIGH NUMEER - E-6 IS: 1.14
FLUX EASED RhYLEIEH NUMBER * E-6 IS: E.34
AVERAGE TEMPERATURE: 32.39
SIN TEMPERATURE: 10.05B

6 .77 23.0:1 7.06S 8.SE
TEMa.EASED RAYLEIGH NUMBEF - E-6 IS: i.19
FLUX BASED RAYLEIH NUMBER * E-6 IS: a.4z
AVERAGE TEMFEPAT-JP.: 33.079
SINK TEMPERATURE: 10.06

7 .754 21.664 7.:77 1l.:14
TEMP.BiAEO RAYLEIGH NUMBER - E-6 IS: 1.09
FLUX BASED RAYLEIGH NUMBE * E-6 IS: 7.9S
AVERAGE TEMPERATURE: 31.72:
SINK TEMPERATURE: 10.CS2

8 .7e: 22.264 7.346 10.31t
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 1.14
FLUX EASED RAYLEI6H NUMBER * E-6 IS: e.34
AVERAGE TEMPERATURE: 32.327
SINK TEMPERATURE: i1.9SE

9 .7BO ZZ.547 T.23= 19.15s
TEMP.BA9ED RAYLEIGH NUMEER - E-6 IS: 1.16
FLUX EASED RAYLEIGH NUMBER * E-6 IS: 8.37
AVERAGE TEMPERATURE: 32.60c
SINK TEMPERATURE: 10.05E
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TABLE 59. REDUCED DATA FOR FC-43 AND 11 MM SPACING

THE RAL: Emf DATA APE PPOM THE FILE: 2:Jf:,N 950
THE POWER SETTING PER CHIP WAz: 1.3 W

THE DIS7TH?,E TO TH4E FCOINT LwA'E ! i 1

ELECTRON7C LIQUID Lh:.S F0-431

cH:p ONET w Tag-TE Nul Nu

1 1.:6e 3 1.EE 0? S .493 11 .920

TEMF.64tSED RAY.EI-G, N'MEE; - E-6 IS: 1.6,

FLLX EASEC RA NI-IUMEEP - E-6 IS: 15 . EZ
AVERAGE TELPTP:~ .e6

SINWK TEMPERAlTLRE; 9.63-

1 .- 6 6161 .26- EO.66

TEP.EnSED RAYLEIEGH NUMB;:; . E-6 IS: 1.91

FLUBA 9ASED RAy*LEIGH',r NUMEER - E -F I'S: 1s.-Is
AVERAGE TE?1lE--VE 41 .646

SINK TErMPERi;TURE:562

3 .25-2 :::E .100 11.36S

TEM;R.BEE'D RAY).6ICH, N'JMEER .=-;T: 1 .2E
FLUX 2FtSE3L RAffLEIG-m, N'EEF - E-6 IE: 16.E:

AVERAGE TEMPERATURE: 42.125

SIN TEMPERATURE: 9.EZ7

4 1.:64 38.62 9.569 1 Z. 07
TEMP.SASED PAYLEIG- NUMBER * E-6 IS: 1.6:
FLUX BASED RA LETSH WtUMEE - E-6 1c: 1E.E-7
AVERAGE TEMPERATURE: 40.7iS

EINK: TEMPERATURE: S.E237

5 1.291 3167 6.490 11.S17

TEp1P.6ASEO RAYLEIPP NUMEE; - E-6 IS: !.91

FLUX EASED RAYLEIGm NUME=F, - E-6 IS: 16.::
AVERAGE TEMPERATURE: 41.560
SINK TEMPERATURE: 9.E233-

6 1.:84 --2.27i S.Z71 11.s:
TEMP.SiAED RAYLEIGH NUMPER * E-6 IS: 1.9s

FLUX EASED PAYLEI&H NUMEER - E-6 IS: 16.27
AVERAGE TEMPERATURE: 42.111

SINK TEMPERATURE: 5.833

7 I_'46 31.014 8.410 1 1. 804
TEMP.EAZED RAYLEIGH NUMBER * E-6 IS: 1.84

FLUX EASEL) RAYLEIGH NUMBER * E-6 IS: 15.44
AVERAGE TEMPERATURE: 40.847
SINK TEMPERATURE: 9.E3Z

8 1.291 31.9SE 8.458 11.871
TEMF.BASED RAYLEIGH NUMSER E -6 15: 1.921
FLUX BASED FAYLEIGH NUMBEE E -6 IS: 16.26
AVERAGE TEMPERATURE: 41.791

SINE TEMPERATURE: 9.8.3

9 1.2188 32.34E e.33: 11.69s
TEMP.8ASED RAYLEIGH NUIMERP - E-E IS: 1.96
FLU0 BASED) PAYLEISH NLIMEER * E6 IS-:: 1.
AVERAGE TEMPERATURE: 4:.181
SINK< TEMPERATURFE: S.E-7
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TABLE 60. REDUCED DATA FOR FC-43 AND 11 MM SPACING

THE RAW Emf DATA ARE FROM THE FILE: 23JAN2345
THE POER SETTING PEP CWIP WAS: 1.7 W
THE C:STAN2E T7 THE FRONT WALL itl i MM
ELECTRONIC LIQLID WAz CC-43

CHIP ONET(Wl Tav/-T 5  Nul N62

1.639 35.6E2 9.568 13.429
TEMP.BASED RAYLEIG, NUMBER - E-6 IS: 2.31
FLUX EASED FRYVLEIGC- NjMEER - E-E :5: 22,IE
AVERAGE TEMPERATURE: 45.646
SIN TEMFERATURE: 9.964

S .E33S 37.4SE 9.144 12.834
TEMC.5ASED RAYLEI6 NUMEER - E-5 IS: 2.49
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 2:.6E

AVERAge TEMPEATURE: 47.420
SINK TEMFERATURE: 5.964

3 1.629 37,9SE E.961 12.606
TEM-.BA5ED RAYLE'GH NUMSER * E-E IS: 2.54FLUX BASED RAYLEIG NuMBER * E- IS: 22.77
AVERAGE TEMPERATURE: 47.950
SINK TEMPERaTuRE: 5.564

4 1.64E 7S.74: 9.644 1 .E36
TEM:.6SAED RAiLE!Gm NUMEER - E-S IS: 2.30
FLUX BASED RAYLEIGH NUMBEF - E-6 IS: 22.15
AVERAGE TEMPERATURE: 45.7O
SINK TEMPE4ATURE: 9.964

5 1.6E2 37.473 9.3S9 13.192
TEMP.BASED RAYLEIGH NUMBER - E-S IS: 2.45
FLUX BASED RAYLEIGH NUMBER o E-6 IS: ZZ.31
AVERAgE TEMPERATURE: 47.437

SINK TEMPERATURE: 9.954

6 1.674 37.527 9.342 13.112
TEM.EBASED RAYLEIGH NUMBER - E-6 Hi: :.49
FLUX EASED RAYLEIGH NUMBER * E-6 IS: 23.2Z
AVERAGE TEMFERATURE: 47.490
SINK TEMPERATURE: 9.964

7 1.624 3S.619 9.546 13.39Z
TEMP.BASEC' RAYLEIGH NUMBER - E-B I5: 2.29
FLUX BASED RAYLEIGH NUMSER * E-6 IS: 21.84
AVERAGE TEMPERATURE: 45.582
SINk TEMPERATURE: 9,964

8 1.681 37.741 9.331 13.097
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: 2.51
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 23.41
AVERAGE TEMPERATURE: 47.704
SINK TEMPERATURE: 9.964

9 1.677 3 7
.60! 9.292 17.042

TEMP.BASED RAYLEIGH NUMEER * E-6 IS: :.S:
FLUX BASED RAYLEIGH NUMEE; * E-6 IS:
AVERAGE TEMPERATURE: 47.764
SINK TEMPERATURE: 9.964
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TABLE 61. REDUCED DATA FOR FC-43 AND 11 MM SPACING

THE RAW Em.f DATA ARE FROM THE FILE: Z4JAN1440
THE POWEP SETTING RE; CHIP WAS: 2.2 W

7."ZE D:STI)N2E TO THE cF-)rT Wt L WAE 1 Mt
E.ECRC~d LICIC E P-43

cHir ONET ( W) Tav 8;-T5 Nul N 2

10.49E 14.771

TEMFP.GASED RA YLEICH NU116ER * E-6 I':: le0

FL.UX EPSED RAYLEI TH N'JMEE; - E-E IS: Z2.s

HEAETEMFEFmTUFE::S.S
CIN TE'1PEP;,TUPE: S.758

- .. 1 4=-.046 10.0k17 14.04F

TEM=.EiASE RA YLEIGH NUMBER - E-S IS: 334
FLUXE0 E RiY'LEIjHl NUMEER - E-5 IS: 2--.4.

Y;E lEI1EFF,TJFE: S4 .644

SIN TEM1PERATUPE: 9.79E

7 2..147 -G. , - 9.e-4 1 67:;
TEMc . 5,SEC- PA'LE 1 --H NUMBER * E-E I S: .2

FLU BASS1-: ,EIG NUMBER - E-,; lI: S2.C!

.EPA GE TEMcEgRATURE: 55.Z24
ZI~TEM=EP.ATj;E: .75

4 2..lE5 43.017 10.S45 14.801
TEMP.BR~tEC RAY' ET-- Nl'lM2EF - E-6 IS: 30

FLL'Y BATED RAYLEIG-H NUMEER * E-6 IS: 3"2.60
40YEPAGE T;:EPATUiRE: 52.i1
SiN* TEMPERATURE: 9.782

5 2.21 44.qeE 10.319 14.4E53
TE'IR.EASED RAYLEIGH IUMEEP * E-E ZS:
FLUX BASED RAYfLEIGH N4UMBER * E-E IS: 34.30
AVERAGE TEMPERATURE: 54.70S

EINW TEMPERATURE: Z..758

6 2.200 45.3-17 10.169 14.277
TEMP.BQASED RAYLEIGH NUMBER * E-6 IS: ~
FLUX BASED RAYLEIGH NUMBER * E-E IS: 34.3B
AVERAGE TEMPERATURE: 55.13S
SINK. TEMPERATURE: 9.798

7 27-t38 42.750 10.459 14.679
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 3.05
FLUX BASED RAYLEIGH NUMBER * E-6 IS: 32.04

AVEPAGE TEMPERATURE: 52.577
SIWE TEMPERATURE: 9.796

6 Z.211 45.68i 10.144 14.237
TEMF.BAZED RAYLEI6H NUMBER * E-6 IS: 3.42
FLUX EASED RAYLEIGH NUMBER * E-6 IS: 34.71

AVERAGE TEMPERATURE: S5.479
SINK TEMFERA TURE: 9.79iS

9 2.205 45.35'S 12.125 14.302-
TEMF.BASED' RAYLEIGH NUMBER E-6 IS: 2.35
FLUX BA SED RA YLEIGH NUMB11ER *E-6 IS: 34.44
AVERAiGE TEMPERATURE: 55.i49
S110: TEMPERATU.RE: 9.79S
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TABLE 62. REDUCED DATA FOR FC-43 AND 11 MM SPACING

THE RAA Erf D-Tm ARE a;OM THE FILE: 24j4J2-4E

THE POWE; SETTING ;Ez 2IP WAS: 2.9 L.
TH.- CIST N:E TO THE ;7;,D!T WALL W 0 I I MM

E LE T R IZ LI iC k= F -4

CHIF QNET7(W Tavg-T5 Nul N2

2.757 49.45O 11.687 16.404

TEMF.BASED RAYLEIGH NUMEER • E-E IS: 3.9

FLUX BASED RA LEIGH NUMBER * E-E II: 46.39
AVERAGE TEMFER-.TUE: 59.602

SINK TEM=ERATUFE: ie. 1E5

2.7S1 52.15 1.0E7 15.534

TEM:.EASED FRALEIGH NUMBER * E-6 IS: 4.35

FLUX BASED RAYLEIGH NUMSEF * E-6 IS: 48.1E

AvePAGE TEM-ERTURE: 62.261

SINK TE'1;ERATURE: 10.153

2.741 52.eSE 11.036 15.49

TEMP.BASED RAYLEIGH NUMEER - E-S IS: 4.3a

FLU>. EASED RALEIGH NUMBER * E-6 IS: 47.99
AVERAGE TEM ERATUFE: 62.209

SIN, 7EIPEXrTURE: C. 157

4 2.769 45.43. 11.740 16.476

TEMF.BArSE RAYLEIGH rlU'1BE * E-6 IS: .5S

FLUX EASED RAYLEIGH HUMBER - E-6 iS: 4E.S4

AQERAGE TEMrERA
T

OL S: T 9.5 5

SINW rEMFERATURE: IC.iS:

2.E:7 51.9S1 11.461 16.0c5

TEMFEASED RPALEIGH NUMEEP * E-6 IS: 4.33

FLUX EASED RAYLEIGH NUMBER * E-5 IS: 49.42

AVEPAGE TEM=ERATUPE: 62.144

SN TEMPERATURE: 10.153

6 2.813 2.093 ,1.220 15.e85
TEM.EASED FAYLEI8H NUMFEF - E-6 IS: 4.Z5

FLUX EASED RAfLEIGH NUMBER * E-6 IS: 45.24

AVERAGE TEMPERATURE: E2.24E

SiNF TEMPERATURE; l1.1S3

7 2.729 4E.Ses 11.700 16.422
TEMP.,EASE PAYLEIGH NUMBER - E-6 IS: 3.E9

FLUX BASED RAYLEIGri NUMBER * E-6 IS: 46.48

AVERAGE TEMPERATURE: 59.638
SINK TEMPERATURE: io.153

8 2.625 S3.017 11.173 15.682

TEMPBASED RAYLEIGH NUMBER - E-6 IS: 4.49

FLUX BASED RAYLEIGH NUMBER * E-6 IS: 50.16

AVERfASE TEMPERATURE: 67.170

SINK TEMPERATURE: 10.153

9 2.817 56.969 1.350 15.9F"

TEMOBASED RAYLEIGH NUMBER * E-6 IS: 4.2
FLUX BASED RAYLEIGH NUMEER* E-6 IS: 4S.17
AVERAGE TEMPERATURE: 62.0E3

SINY TEMPERATURE: iD.153
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TABLE 63. REDUCED DATA FOR FC-43 AND 7 MM SPACING

Ti RAW '-f UA ARE FROM THE FILE: 3FEEi53S
r _ P SETTING PER CHIP WAS: 0.I1S w
2 E , E TO THE FRONT L!4LL WAS 7 MM

EL~r~c: 
: 

Q I~uC wAS FC-431

. Ta.;-TS Nul N.-

.ii2 02.;i9 -47

.9,2E REIC- NJ'IEER - E-8 IS: .40

5 E9 , ECH r _'E E-E 13: .93
, =, TEMFE'ALPE: 20.040

:. 4 7 E RE: 9 927

.: 2 0.4 E . 3.13S

S ESD RA, EZ!- .lEE • E-0 :3: .5-
Z~ T.3 TE T 'E: 20 .Z53

S" T E M E E: 9.927

.In I0.0SS 2.313 3.247

TE-:.E4E FA'LE!3i NUMBS6E E- IS: .42

F.9' EASED PAYLEIV- NUM2ER E-6 IS: .92
,E A3E Em EPATUrE: I9.982

Star TEMPERATURE: 9.927

4 .112 10.70 Z0.35 .237
TEMP.BASEO RAYLEIGH' NUMBER * E-6 IS: .40

FL'X EASEO RALEIGH Nj'ISEP * E-6 IS: .9Z
A.,;ERA3E TEMPERATURE: 20.103
SI! TEMPERATURE: 9.927

S .11b 10.4E3 Z.290 2.214
TEMP.BASEO RPALEIGH NUM9EP E-8 IS: .42
FLUX BAZE2 RAYLEIGH N.:MPEP E-6 IS: .96
AVERAGE TEMPERATURE: 28.390
SINK TEMPERATURE: 9.927

6 .114 t0.133 2.351 3.300

TEMP.EASED RAYLEIGH NUIBEP * E-6 IS: .40
FLUX BASED RAYLEIGH NUMBER * E-6 IS: .94
AVERAGE TEMPERATURE: 2e,60
SINK TEMPERATURE: 9.9Z7

7 .110 10.15 2.262 2.179
TEMP.64c.ED RAYLEIGH NU"EEF * E-6 iS: .40

FLUX EASED RAYLEIGH NJMEER * E-6 IS: .91
AVERAGE TEMPERATURE: 20.II1
SINK TEMPERATURE: 9.927

8 .114 10.377 2.295 Z.22
TEMP.BASEO RAYLEIGH NUMBER * E-6 IS: .41

FLUX BASED PAiLEIGH NUM8EP * E-S IS: .9

AVERAGE TEMPERATuRE: 20.30Z
SINE TEMPERATURE: 9.927

9 .113 10.128 Z.340 3.284
TEMP.BA SO RAYLEIGH NUMBER * E-6 IS: .40

FLUA 6A3EO PA,'LEIGH NUMEFR * E-6 IS: .94
A'JERAGE TEMFERATURE: 20.055
SINK TF"PERATURE: 9.927
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TABLE 64. REDUCED DATA FOR FC-43 AND 7 MM SPACING

THIE P , ;-f DLA (iP FPO", 7HE ;:TLY :EE204S

T"-~ P-F H TNC FF CHI~ P ' w c ._

SEETR0:.:r L!2UID WAS FC-42

CHIP ON E T (L.) T v;- Nul Nu:

.Z22 14.74S 4.572- 6.417

T:71r.S~ RPfLEI9-4 NUMBER - E-E IS: .6s

FLL,~ E.-EEL ;AYLEI6&- NOM1EP. - E6 7E: s

AIJEP;-E TEMEPA;4TUFE: 24.E726
SIN- TEM'1ERATURZ: 102.0s]

IZS.!92 4.429 E.-17

TEM .E'.E22pALE* NUMEEF - E-6 15: .6E

FLU., 6EEH Fr-.YLEIGHi NUMBER - E-E: IS: 2.99

TEA EMBERATUFPE: 2.2

514 7EMPE;:,TURE: 10.OS1

-:I' 14.609 4.567 E.4:

TE1P .EAEEL RAYLEIGH NUMERF - E-8 HL: E.64

FLUjy z-EEL RAYLEIGH NU",5EF * E- IS: .9

E TA3E EPATURE: Z4.700
SINr TEIPERATuRE: 10 .091

A 22 14.454 4.6P- 6 67.

TEMP.EAEED RAYLEIGH WN'EEP * E-6 Ic .6

FLUX EASEL' R'PYLEI H- NUMEE - E IS: 2.92

ARAETEMPF A7UE!: 4.S45
SIN . TEMPERATURE: l0.Q61

s .--lo 19.059 4.SE5 E.439

TEMir.EAHED RAYLEIGH NUMBER - E-6 IS: s",

FLUX BASEO RA YLEIGH NUMBERF - E-E IS: 3.06

AIJERAGE TEMPERATURE: 25.150
ESIf TEMPE PAT'RE : 10.0E!

6 Z:S is.c:E 4.5S E4:

TEMP.GASEC RAiYLEIGH NUMBER - E-E I: .66

FLUX B' SED Rt YLEIBH NUMBEER - E6 IS: 3.04

AVERAG= TE11mERATURE: 2S.107
SINt, TEMPERATURE: 10.091

7 .3is 14.2S4 4.E66 E.552

TEMP.BASBLJ RAYLEI5H NUMBER * E-6 IS: .6

FLUX BASED RAYLEIGLH NUMEE - B-6 IS: 2.90

AVEPArE TEMPERATURE: 24.345
Slw, TEMPEROATURE: 10.091

* 330 14.903 4.E'-7 6.495

TEMP.E
4 SEHD RAYLEIGH NUMBER * E-6 IS: .66

FLUX BASED R.AfLEIGH NUMBER - E-E IS: Z.GS
AVERA;GE TEMPERATURE: 24.991

51W,. TEMPERATURE: le.02!

9 .:--s 14.717 4.665 6.5468

TEMP.EAHED RAfLEIGH. NUMER * E-S I=: .s6

FLU? EAELG PAYLEIG NUMEE E -E IS: 2-.C:

AVERASE TEMPERATURE: 24.--C,

SIto TEIIFE-4TUPE: 1..25
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TABLE 65. REDUCED DATA FOR FC-43 AND 7 MM SPACING

7- ;,. E-m D-,TA LF ::! Z- 4;==O1:C

£:SAI.: SP71 TE H~N 1L LA, w
ET70N:2 "X~D fE W1CW-4Mr

C-K ONET~ Tavg- 1 rqu N

.7E1 24.61: E.470 9.0E2
TEII' .EASEO RAYLE I- NlzME - E-C I E: i. 31

~ECRf-YEFIC -. E-E E .- 5S 1.E
AEAET;:M;:EATUF=: 74.7:.E

S 1 N, TE MPE R'T URE : I C. Z 4

.7EO 2S.70E 6.134 E.679
TE lcEA S En P A L E - H. 1NUME E P. -E-6 S: I i..±C
FL'J' EEC RAYLEIGH !416E~: - ;:-z IS: E.Es

A'EAETEMPFRATLPE: 3z8.E822
SIWr T=M.FEFRATUFE: lC. i2a

*7S- -,.4:E 6.4EE 8.10'
TE~l;. EnzED RAYLEIGH NULMEE;R - E--, IS: 1 .3 C
CU' EF-SHD R.ALET-2 N'JMEFp * E-E iS E .44
A'.1 --;: : E T;EPn T UR E: 3 4.-5 4
SI~ T , 7EMP E ; IURE : I C. I :4

4 .7ES 23.986 E.669 9.3sl
E E D R~,8E LAELI GH NUBE E-E S:

F,-U ES8Ec--F P('YLEI514 NUI1EE-r . E-8 ZS E.,'-
AVE;F'GE TENFERATU.E: -14.102
SINK. TEMP~ERATURE: 10.124

S .7EO 25.O:81 6.518 8.4 9
TEMF.PEASEC. PAYLEI&r, I UMEER - E-- IS: 1 .3s
FLUX EASED RAYLEIGH NUIME * E-6 ;S: E.79
AVERAGE TEtIFEPAiTURE: 3.7

ltI- TEMPER.ATUR.E: 18.i124

6 .776 24.67'i 6.561 S-3
TEIIR.EASED RP LE16H NUI6ER - E-6 Ic: i.Z
FL'jx EA.SED RAYLEIGH NUME"C - E-E IS: 8.E9
AVERAGE TEMPERATURE: 34.6C3
SINK: TEMPERATURE: IC.UZ4

7 .7S3 23.628E 6.664 9.3S4
TEMm.BASED RAYLEIGH NUMEER * E-6 IS: 12
FLU' EASED RAYLEIeH NUMEER. * E-E IS: 8.2E
AVERArGE TEmFERATURE: 3.4
SINW TEMPERATURE: le.124

6 .780 24.718 E.603 9.267
TEMP.SASED RAYLEIGH 14UMCEP, - E-6 15: 1.32
FLUX EASED RAYLEIGH NUMBER - E-6 IS: E.74
AYJERAGE TEMPRERATURPE: 34.641
Sl1m, TEMPERATUPE: 10,11.4

9 .772 24.726 8.SS2 .2
TEMP.SASED PAYLEIG!H NUMEEF * E-5 Ic: 12
-LU'I EAEE RrH:LEI&H NYIE: - E-; 15: E.71

AEAETE' ;ERi17,jE: 3.
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TABLE 66. REDUCED DATA FOR FC-43 AND 7 MM SPACING

T H- R;,: E-1 A- ;7;C THE CILE 4WEE173C

1.28 2.55 7.97S 11.183

TEMj..e4EEDl RAl'LED"rl'mmf EU-:E * 1-:
Fu-Ji. EACZFH P EI2 1 G 'J1BER E-E IT 1.61

e&RTE TEM;ERTURE: 3. 176

TIN. TEP'IFERA-ERI:: 1E.0

Q.S~s

1.3 -3.027 1.53 10.523

;7;s- 0ES FR -iEE ; NUMEER E -2 IS: E-4
7L~ EASE rTJ;;- R ; 4 .M5 

C i E 5 ..

SIN TEM:EAmTURE: Z Cl 5

TEMR.BASED RAYLEIGH NUMBER * -E IS: -

AYERAGE TEM2CECATUPE: 416

SlrTEMFERATLRE: .9

TEMP1.EAEEE RA LEIGH NUMEER * E-E IS: 15
C LX BASSO RAY..E15 NUMBER * E-6 IS: Is=T

AIERAGE TEM:ERATURC: 42.9E7

SINK TEMPERA;TURE: [-.89

TEMO 9SEz[ RAY LEIGH NUMBER * E-6 IS: 2.93
FLUX EA -SED RAYLEIGH NUMBER * E-6 IS: 16.94

AUERAnGE TEMPERATURE: 42.254
SINK TEMPERATURZE: 8.919

i.215 ::1.4:9 9.118 11.363

TEMFBEASEC PFA LEIGH NUMBEF E-6 15: 1.88
FLUX BASED RAlYLEiGH NUMBER - E-B IS: 15.94:

AVERAGE TEMPERA TURE: 42.2348

SINK TEMDPATURE: 9.919

7 1.ZE0 31.428 8.095 li.363

TEMF.EASED PAYLEIGH NUMBER - E-6 IS: 1.98
FLUX BA SED, RAYLEIGHi NUMBER - E6 IS: 19.23

AVERAGE TEMPERATURE: 41.3490
SINK TEMPERATUPE: 9.919

5 1.220 - -3.97 l 1 B.0097 1.
TEMR.EAiSED RAYLEiSH NUMEER - E-6 15: :.09
FLUY BASED RAN LEIGH NUMERi * E-6 IS: 6.08:

AVERAG5E TEMlPERATURE: 42.4907

SIWh TEMP1ERATURE;:: 9.919
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TABLE 67. REDUCED DATA FOR FC-43 AND 7 MM SPACING

THE R ,& 0,QAl ARE FrRQo THE FILE: 4;7EE222C
THE P0,E : Trr ~HP ~4
THE E2 A)-7 T HE F:;.f U,LL WS Mm
ELEZT~zCt: 10~[ W A= 7- -4-

CHIP 0NT , Tavg-Ts Nu.I Nu.2

I .E34 33:-4 6.S-"6 1:.82
TEMFEASEzC, RAYLEIGH NUMBER *E-6 IS: 2.80

V ~FLUX FAE fAl-EIlG NOMBER *E-E IS: 2.2
A'.)EPAGE TEm.;Ec..TFE: 4S.875
SIN- TEMPERA, Tt.RE: 1C.342

2 .829 41.0S2 E.3112 11.6E7
TEMc .E! E RAYLEI~r, NUMBER - E-6 IS: 2.91
FLUX BA-SED R0'VLEI, NjMEEP * E-6 IS: 24.20

AEAETEiIPEPATU;E: 5: .40e
SINK. TEMPE;ATIJFE: 0e.342

3 .E22- 3,E 10.0 E.094 .8
TEP'; . ASED~ R;AYLEIG.H NMBERP - E-6 IS: 2 . sc
F-.L'pBAE RA LEIE NUliBE - E-E IS z- --.
AVEPASE,- TErMlERAP..jLPE: 4E .S4
SIN: TEMPFERA7JE)E: 10.342

4 l.635S 37.1Z7 S.243 12.913
TEMP.BASED RLEHNUMEER - E-6 IS: 2.47
FLUX BASED RAfLEIG-H NUMEE - E-6 IS: --:.E7
AVERAGE TEM;Er-;TUr;E: 47.4E

3IKTEMPERATURE: 10.34-,

S 1.674 Z9.66 E.643 12.412
TEMP.BASED RAYLEIGH NUMBER - E-E lc-: Z..=
FLUA EASED RAYLEIGH NUMBER * E-6 IS: Z 4 .33
AVERAGE TEMPERATURE: 50.007
SINK TEMPERATURE: 10.342,

6 1.666 3S.697 e.czo lz.88
TEMF.GASED RAYLEIGH NUMEE - E-6 IS: 21.84
FLUX BASED RAYLEIGH NUMBER - E-6 IS: 23.es
AVERAGE TEMPERAT1URE: 49.039
SINK TEMPERATURE: 10.341,

7 1.616 36.89E 9.171 12.972
TEMP.BASED RAYLEIGH NUMBER - E-6 IS: Z.4S
FLUX BASED RAYLEI6H NUMBER * E-E IS: 22.46
AVERAGE TEMPERATURE: 47.238

SINK< TEMPERATURE: 10.3411

8 1.6?4 39.045 6.973 1,.6e2
TEMP.BASED RAYLEIGH NUMBER * E-6 IS: 2.68
FLUX BASED RAYLEIGH NUMBER * E-6 IS: Z4.08
AVERAGE TEMPERATURE: 49.387
SINK TEMPERATURE: 10.342

9 1.669 39.113 8.938 12-.543
TEMR.GASED RAYLEIGH NUMBER * E-6 IS: 2.69
FLUX BASED RAYLEIGH NUMBER - 2-8 IS: 24.e.
AVERAGE TEMPERATURE: 43.45E
SINK TEMPERATURE: 10.342,
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TABLE 68. REDUCED DATA FOR FC-43 AND 7 MM SPACING

THE RAW Ef DATA ARE :CJM TmE PILE: 8FEBGVC
THE C' wE C:-TTIN,- CE r-I LMS 25. L
THE C bTA!CE 10 THE FR..'C ui-! WFr Ml
ELECTRCJ1 V LiD'! W AS %C43

CHIP QNETIWl Tevg-T5 bdul Nj2"

2 .152 48.25! 9.757 13.694
TEMP:EA;ED RAYLEIGH NUMEEC; - E-6 IS: 35

FLU' &lEE RAYLEI&M 1MEP * E-8 IS: 347
AYEPAGE TEM:ERA-TUPE: CE.541
IN, T-,EAT:E s038

:47 80).348 8.E38 12.54S
TEMr.EF4SECD RAYi.8I9'. 'J-EFr - E-9 15: 4.1'
FL~yw EASED PA

t
LEIG- NUMSE - E-6 IS: 3E.ES

AVjEPA:ZE 7EMIQERATu;E: 20.738
SIN,TEE;TE:1.2

_.:9E 45.52, 9.ETh I-

TE11.:EFz-E2 RpaVLEIe NUJMEEF * 8-8 1S: 3.80
FLUN EASED RA,LE1SE NUMEEF - E-6 I,;: 34.88
AXJERAGE TEMPERA TURE : SE .9E8
Sitr7IERvE 10282E

4 2.18' 44.478 IoICeo 14.Z89
TEMc.EAESED RMfLEIGH NUMEEC * E-6 IS:

FLUO EASED RAYLEIG-H NJMEEF * -E I;-: 2
TWEzE EtP-ECA:TUIR : 54.884

SIN* TEMPErATUPE: l0.35E

5 :.2e7 41.319 S.=77 13.442:
TEMr.8ASED RAYLEIGH NUMBE= * E-6 IS: 3.S4
FLUX EA SED RAYLEIGHm NUMEEF * E-6 IS: 38.74
AVERASGE TEMPERA

7
URE: 58.703

SINK. TEMPERATURE: 10.355

8 2.!52 47.146 5.763 13.704
TEMF.EAS;EC RAYLEIGH NUMEEF - E-6 IS: .E
FLUX BASED RAYLEIGH NUMBER * 8-8 IS: 3S.93
AVERAGE TEMPERATURE: 57.534

SINK TEMPERATURE: 10.385

7 2.132 44.0E2 le.13E 14.228
TEMP.EA SED RAYLEIGH NUMBER - E-8 IS: 3-.28S
FLUX EASE-2 RAYLEIGH NUMBER * E-6 IS: 33.23-
AVEPAGE TEMPERA;TURE: S4.456
SINK, TEMPERATUIf::1.

0 2.2@S 47.710 5.701 13.818
TEMQ.BASED RA>LEIGH NUJMEER * E-6 IS: 3.79

FLUXy BASED RAYLEIGH NUMEER * E-8 IS: 38.41
AVERAGE 7EM

0
ERATUFE: 56.09Z

SINK TEMPERATURE: 10.36

9 2.2N2 47.342 i.750 12 .828
TEMP.EPSEC RAYLEIEH NUMBER * 8-E IS:
FLUX EASED RAYLEIGH, NUMEEP - E-8 IS: 36.11

AVERAG1E TEMPERATURE: S7.710
SINK TEMPERATUR;E: 0.288-n

156



TABLE 69. REDUCED DATA FOR FC-43 AND 7 MM SPACING

THE RL ;,,f DATA ARE F:-M THE FILE: StEEl340
TmE P0WE; SE.TTING PEP, r"IP WS: .9 w

THE DI TA. E T. -r- FR:%- -;L WA f. S MM

ELECTP)iC LI J:ED WAS F:-42

CHIP QNETW) Tavg-T5 Nul Nu2

2.747 S2.452 I .9E3 15.415

TEM;.6ASED RAYLEIGC NIJMSER * E6 IS: 4.42
_U RASE AYLEIGH E-6 - S: 4E.58

AEPRAGE TEMPERATURE: 62.748
S:N TEMPEATURE: 0.257

S2.79 S1.92: z .98 13.907
TEMP.BASED RAYLEIGH NUMBER * E-B IS: 5.32
FL ED AAEGH rJMGEE * E-6 IS: =-.70
A 8RA.E TEMPERATURE: 88.282
SIN TEMPERATURE: IC.28S

3 1.7-71 S3.$20l iO.EiT 14.9 I

TEM-.7 SEr RAYLEIGI NJM8EH 
• 

E-6 IS: 4.ES
FLU, EASED -AEPEIG .. M8E - E-8 18: 4S.3S
AvERAGE TEMPERATURE: 64.2!7
SIN TEMaE;TuFE: le.2q7

4 2.75& 82.8?7 11.421 !E.031
TEM=.BAzED PALEIGM luMEEr - E-E IS: 4.1S
FLUX SPSED RAYLEIGH N.JM8EP * E-.IS: 47.41
AlEFAzE TEMPEFATuRE: e.S14
SINW TEMPERATUR.E: le.297

5 2.817 58.889 10.57S 14.S44
TEMP.BASED RAYLEIGH NUMEE; * E-E IS: 4.98
FLUX BASED RAYLEIGH NUMBER * E-6 !S: 82.46
AVERAGE TEMPERATURE: 66.156
SINK TEM

0
ERATURE: 10.297

6 2.907 54.4P7 l1.7S9 15.142
TEMr.BASED RAYLEIGH NUMEEP * E-E IS: 4.74
FLUX BASED RAYLEIGH NUMBER - E-B IS: 81.12

AVERAGE TEMPERATURE: 64.764
SIN TEMPERATURE: 10.297

7 2.721 49.905 11.42E 16.040
TEMP.8 SED RAYLEIGH NUMBER * E-6 IS: 4.05

FLUx EASED RAYLEIGH NUMBER ° E-6 IS: 46.26

AVERAGE TEMPERATURE: 60,2202
SIN TEMPERATURE: 10297

I 2.817 54.409 10.857 1.:38
TEMP.BASED RAYLEIGH NUMBER * E-B IS: 4.73
FLUX BASED RAfLEIGH NUMBER * E-6 15: S1.31
AVERAGE TEMPERATURE: 64.705
SINK TEMPERATURE: 10._97

9 2.819 54.26E 12.885 !5.236

TEMP.EASED RAYLEIGH NUMBER * E-B IS: 4.70
FLUX BASED RAYLEIGH NUMBER * E-E IS: 51.0;
AVERAGE TEMPERATURE: 64.5:3

SIN, TEMPERATURE: le.297
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